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THE RMOME 0 
NAVIGATION. 


EI a 
A Series of Experiments and Observations, 
- P TENDING TO PROVE, 
THAT BY . 


=. dSCERTAINING | 
De RELATIVE HEAT of the SEA- WATER 
FROM TIME TO TIME, 


The Paſſage of a Ship 


TUROUGH q 


THE GULPH STREAM, 


AND 
FROM DEEP warkH 1NTO 50UNDINGS, 


. 


May be discovered in Time to avoid Danger 


ALTHOUGH (OWING TO TEMPESTUOUS WEATHER,) 


IT MAY BE IMPOSSIBLE 


To heave the Lead or obſerve the Heaverffy Bodies. 


„ 


EZætracie / from the American Philosoplical Tramtactions. Vol. 2 U 3. 
n WITH 
ADDITIONS AND * 
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„God helps them that help themſelves.” 
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Dear Sir, 


TRE experiments which induced me to 
believe that the thermometer might become 
a valuable nautical inſtrument to diſcover 
ſoundings having been firſt made on board 
of a ſhip under your command, the follow- 
ing performances have a natural claim to 
your patronage; and if the propoſed me- 
thod ſhould be practiſed on board of the 
Conſtellation, your example would doubtleſs 
ſimulate other navigators, and bring it into 
general uſe. 


The 


iy 


The public voice, for obvious reaſons, 
point you out as a character to whom Ame- 
rican Improvements in Navigation ought to 
be dedicated; and I am prompted by per- 
ſonal conſiderations to embrace this oppor- 
tunity of teſtifying the high ſenſe I entertain 
of your patriotiſm, ſpirit and talents; as a 
firm friend to your country, a gallant offi- 
cer, and ſkilful navigator. | 


I am with great regard, 
Dear Sir, 
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T HE following memoirs may be little known where 
they originated, owing perhaps to their appearing 
among a number of tranſactions which form a volume 
too bulky to be in many hands, One of them however 
has had better ſucceſs in Europe, having been favora- 
bly received in England, and tranſlated at Peterſburg 
and Madrid into the Ruſſian and Spaniſh languages: 
The latter publication was preceded by a report made 
by the Director of the Marine Academies in Spain, a 
tranſlation of which is hereto ſubjoined. 


The preſent reſpeQable ſtate of the American Navy, 
both warlike and commercial, induces the author to 
publiſh what he has written on this ſubject, together 
with the concurrent teſtimony of others, in one point 

| of 
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of view, in hopes that it will be found, on experience, 
that our coaſt may be approached with confidence al- 
though ſoundings cannot be obtained, nor the land be 
ſeen; and, conſequently, that errors in reckoning, 
may be corrected before danger is near; when (owing 
to tempeſtuous weather) it may be impoſſible to heave 
the lead, or obſerve the heavenly bodies. The uſe of 
the thermometer in navigation, becomes doubly im- 
portant, when it is conſidered that the courſe towards 
America is generally weſtward; ſo that the corrections 
of latitude by obſervation do not determine the diſtance 
a ſhip has to run; and lunar obſervations are too diffi- 
cult to be generally underſtood, even if the moon could 


be always ſeen, 


Every mariner, when near the coaſt, feels the im- 
portance of ſpeaking a ſhip from the place to which he 
is bound; that he may correct the longitude of a long 
reckoning ; by that of a very ſhort one, which cannot 
be materially wrong if well kept ; by this he is enabled 
to judge of the bearings and diſtances of the land, and to 
ſhape his courſe accordingly. This is exactly the office 
the thermometer performs ; for it declares by a ſudden 
fall of the mercury, the time when the ſhip comes into 
the water between the Gulph Stream and the coaſt, and, 
by a further fall, it declares the time when ſhe comes 
within ſoundings. In this ſituation there is, generally, 
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twelve hours ſafe run; ſo that inſtead of ſtanding off for 
fear of being too near in the night, the navigation may 


be purſued as ſafely as if the lead could be kept going, 


with the land in view. In the ſeveral inſtances men- 
tioned, of ſhips being a-head of their reckonings, they 
ought not to be underſtood as implying any reproach 
to the Captains; for in failing along the eddy of the 


Gulph Stream, or in any other current, in an eaſt or 


weſt direction, no navigator can expect to be accurate 
by dead reckoning; ſince currents can not be aſcertained 
in the uſual way, unleſs the ſea be ſmooth, and that 
rarely happens. The Captains mentioned in the gourſe 
of the following obſervations were ſkilful navigators, 
and prudent men ; but the more liable the beſt calcu- 
lators are to err, the more ought we to value any diſ- 
covery which tends to determine the diſtance of dan- 


ger, before a ſhip is too near to avoid it. 


It has been intimated in one of the following me- 
moirs, that the cauſe of this difference in the heat of 
ocean and coaſt water, may ariſe from the conducting 
power of rocks, &c. under water. As the ſubject is 
now reſumed, it may not be amiſs to add ſome reflec- 


tions on the ſubſtance of that part of the globe, which 


forms the bottom of the ſea. 


We are only acquainted with the ſhell, the mere 
ſcar{-ſkin of the earth, and the ſea appears to all hu- 


man 
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man efforts fathomleſs; for it is very probable that. 
after ſounding to a certain depth, the line floats the 
lead. This ſuppoſition may ſerve to explain a pheno- 
menon mentioned by Captain Ellis, and related by Don 
Cipriano Vimercati, in the annexed report. After 
ſounding to the depth of 3900 feet, Captain Ellis found 
his thermometer to mark 53', and when he had 5346 
feet of line out, it marked the ſame degree: Is it not 
likely that 5346 feet of line, (to which the water muſt 
offer ſome reſiſtance in its deſcent) would overcome the 
weight of the lead ? Beſides, Is it not reaſonable to 
ſuppoſe that water at a great depth is more denſe than 
at the ſurface, and conſequently more buoyant ? For 
although water is underſtood to be incompreſſible by 
the weak means in our power, it cannot be ſo conſidered 
by the natural laws of gravity. In this caſe the ſea guage 
might be carried horizontally, draw out more line, and 


be always in the ſame temperature. 


As far as we have gone by digging, and as far as we 
have been able to penetrate into caverns, the tempera- 
ture is neither more nor leſs than $2 or 53, varying only 
as the inſtruments may be ſuppoſed to differ from each 
other. This is the ſtate of the thermometer under 
the obſervatory at Paris, and in the ſubterraneous places 
that have been examined in this country. This is not 
the caſe in thoſe places at ſea,where bottom can be reach- 
ed with a lead. The water at the ſurface over the banks 


of 


INTRODUCTION. i 


of Newfoundland, is known by experiment to be 47 in 
*ſummer, and it is alſo known by experiment in ſum- 
mer, that at the depth of only -46 fathoms the entrails 
of a Cod fiſh is at, 37 and 16 colder than the water i 


the ſurface. 


From analogy, then, it ſeems, that the banks of 
Newfoundland, at the bottom, may be conſidered nearly 
as cold as ice. But let us ſuppoſe a depth many times 
farther than ever was reached with a lead, and that the 
banks, deſcend below their ſummit, as far as terreſ- 
tial mountains riſe above their baſe; why may not this 
bottom be ice?* Water in its natural ſtate is ice, and 
every thing that can be made liquid, by the communi- 
cation of heat, will return to its ſtate of ſolidity, by the 
privation of itz hence it has been found by circumnavi- 
gators, that the Poles are inacceſſible on account of their 
perpetual congellation; ſo it is found at the top of the 
higheſt mountains, where heat cannot be generated by 
the reverbetation of the ſun's rays, that the earth is in a 


ſtate of perpetual congellation. 


The influence of the ſun on the ſurface of the Globe, 
as we have already ſeen, is limited; and as it pene- 
trates into the matter of the Globe, it grows weaker and 
weaker. May we not then ſuppoſe a depth where it 
B | mult 


* See the annexed chart, 
+ See appendix, No, 5. 
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muſt 0 ? If ſo, is it — 0 0 ſu oſe a deptli 
where the ſea would be at t 32"? and = not that be 
ice? why, it may be aſked, is the temperature of the 
earth and ſea, out of ſoundings, ſo uniform at a certain 
depth, both being permanently 53"? As to the earth ſuch 
as the ſurface generally is, it may be anſwered, that it is 


not a very ready conductor of heat; and therefore, may 
retain the heat at a certain depth, beyond which human. 


efforts cannot reach, and which is comparatively, only 


ſkin deep. As to the ſea; heated water is lighter thau 


cold, and heat therefore communicates downwards but 


\ lowly; though as water is a better conductor than com- 
mon earth, it may go to a greater depth; but as it grows 
gradually weaker, it muſt ſomewhere ceaſe in the fa- 


thomleſs ocean. This is not the cafe in ſoundings, for 


on the ſuppoſition that the banks and rocks are ſeated 
on the central matter of the Globe, which may be ſup- 
poſed to be at leaſt as cold as ice, we have a complete 
. conductor continually robbing the circumjacent water of 
its heat. Rocks and ſand it will be remembered, are 


powerful conductors of heat; more ſo than water, and 


| much more ſo than earth, commonly ſo ealled, hence it 


is always found, that after coming within banks, head 


lands, capes &c. (where there is generally a muddy bot- 


tom,) the water is always warmer than on the outſide of 
a bar. This does not affect the principle of thermome- 


trical navigation as the land in ſuch caſes is generally in 
10 i ſight, 
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ſight, and if not, the navigator, by previous obſervation, 
muſt know where he is: It is on the contrary a corro- 
borating proof of the accuracy of a reckoning; for his 
inſide muddy bottom will be expected after gaining the 
coaſt. 


Much has been written about ſubterraneous fires, 
which apparently contradict the hypotheſis here at- 
tempted; but from all we know of them, they may 
be ſeated much higher than the banks of the ocean. 
Theſe fires may be conſidered as the effect of a che- 
mical combination in Nature's laboratory; and until the 
combination takes place, the combuſtible matter may 
be cold. It is eaſy to conceive that powder may be 
made as cold as flint and ſteel can be, though it only 
requires colliſion to produce a ſpark, and a ſpark to pro- 
duce an exploſion; and who does not know, that very 
cold quick lime, mixed with very cold water, would 
ſoon produce a very hot ſubſtance. Whenever there- 
fore, ſuch combinations happen, an earthquake, or an 
irruption muſt follow; for fire in an active ſtate cannot 
be confined; and until it becomes active, the heat will 
not be generated. May we not therefore conclude, that 
the exiſtence of ſuch matters as produce ſubterraneous 
fire, is not incompatible with the conjecture that the 
bottom of the ſea is ice. Is not Hecla a burning moun- 
tain, and is it not in Iceland? 


The 
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The foregoing obſervations have been written with 
ſentiments of great deference and reſpect for the opini- 
ons of many learned men, which they apparently con- 
tradict; but as many of theſe opinions are diametrically 
oppoſite to each other, the field of conjecture is ſtill 
open: It is a common ſoil, which every one has an 
equal right to cultivate, and the writer has entered it 
with difhdence. He aſks the reader's indulgence and 
candour for whatever he cannot approve, but he makes 
no claim to his belief, till it ſhall be juſtified by time and 
experience. 


JONATHAN WILLIAMS, 


XIXe 


FROM THE 


MARITIME OBSERVATIONS 


DOCTOR FRANKLIN, | 
Relative to the en STREAM—Publifhed in the ſecond 
Volume of the AMERICAN PHILOSOPHICAL TRANSAC= 
TIONS. Page 315. 


Dated at Sea, on board the London Packet, Capt. Truxton, Auguſt 1795. 


— _— 


TIns ſtream is probably generated by the great ac- 
cumulation of water on the eaſtern coaſt of America 
between the tropics, by the trade winds which con- 
ſtantly blow there. It is known that a large piece of 
water ten miles broad and generally only three feet 
deep, has by a ſtrong wind had its waters driven to 
one ſide and ſuſtained ſo as to become ſix feet deep, 
while the windward fide was laid dry. This may 
give ſome idea of the quantity heaped up on the Ame- 


rican coaſt, and the reaſon of its running down in a 
ſtrong 
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Nrong current through the iſlands into the bay of Mex- 
ico, and from thence iſſuing through the guiph of Flo- 
Tida, and proceeding along the coaſt to the banks of 
Newfoundland, where it turns off towards and runs 
down through the Weſtern iſlands. Having ſince croſſ- 
ed this ſtream ſeveral times in paſſing between America 
and Europe, I have been attentive to ſundry circum- 
ſtances relating to it, by which to know when one is 
in it; and befides the gulph weed with which it is in- 
terſperſed, I find that it is always warmgr than the ſea 
on each ſide of it, and that it does not ſparkle in the 
night: Iannex hereto the obſervations made with the 
thermometer in two voyages, and poſſibly may add a 
third.“ It will appear from them, that the thermome- 
ter may be an uſeful inſtrument to a navigator, ſince 
currents coming from the northward into ſouthern ſeas, 
will probably be found colder than the water of thoſe 
ſeas, as the currents from ſouthern ſeas into northern 


are found warmer. And it 1s not to be wondered that 


o vaſt a body of deep warm water, ſeveral leagues 


wide, coming from between the tropics and iſſuing out 
of the gulph into the northern ſeas, ſhould retain its 
warmth Jonger than the twenty or thirty days required 
to its paſſing the banks of Newfoundland. The quan- 
tity 15 too great, and it is too deep to be ſuddenly cooled 
by paſſing under a cooler air. The air immediately 

over 


* This is the Journal of the voyage hereto ſubjoined. 
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over it, however may receive ſo much warmth from it as 
to be rarified and riſe, being rendered lighter than the 
air on each fide of the ſtream;* hence thoſe airs muſt 
flow in to ſupply the place of the riſing warm air, and 
meeting with each other, form thoſe tornados and wa- 
ter-ſpouts frequently met with, and ſeen near and over 
the ſtream; and as the vapour from a cup of tea in a 
warm room, and the breath of an animal in the ſame 
room, are hardly viſible, but become ſenſible immedi- 
ately when out in che cold air, ſo the vapour from the 
gulph ſtream, in warm latitudes is ſcarcely viſible, but 
when it comes into the cool air from Newfoundland, 


it is condenſed into the fogs, for which thoſe parts are 
ſo remarkable. 


The power of wind to raiſe water above its common 
level in the ſea, is known to us in America, by the high 
tides occaſioned in all our ſea- ports when a ſtrong north- 


eaſter blows againſt the gulph ſtream. 


The concluſion. from theſe remarks is, that a veſſel 
from Europe to North-America may ſhorten her paſſage 
by avoiding to ſtem the ſtream, in which the thermo- 
meter will be very uſeful; and a veſſel from America 
to Europe may do the ſame by the ſame means of keep- 
ing in it. It may have gen happened accidentally, 
that voyages have been ſhortened by theſe circumſtan- 
ces. It is well to have the command of them. 
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July 31. At one P, M, the Start bore WNW diſtant ſix leagues, 
Auguſt 1. The water appears luminous in the ſhip's wake. 
——2. The temperature of che water is taken at eight in the morning 
and at cight in the evening. 
—6, The water appears leſs luminous. 
—7. Formegas SW diſtant 324 deg. St. Mary's SWIS 33 8 
— 8. From this date the temperature of the water is taken at eight 
in the morning and at ſix in the evening. 
— 10. Moon light, which prevents the luminous appearance of the 
water, 
——1I. A ſtrong ſoutherly current. 
—— 17. Ditto. From this date the temperature of the air and water 
was taken at noon, as well as morning and evening, 
— 16. Northerly current. 
— 19, Firſt ſaw gulph weed. 
——2I. Southerlycurrent. 
.—-22, Again ſaw gulph weed. 
——24. The water appeared luminous in a ſmall degree 
moon roſe, 
——2y, No moon, yet very little light in the water. 
—30. Much gulph weed to-day. 
—31. Ditto. 
Sept. 1. Ditto. 
— 2. A little more light in the v water, 
—— 4, No gulph weed to-day. More light in the water. 
——5, Some gulph weed again. 
—— 6, A little light in the water. A very hard thunder-guſt in 
the night. 
——-7, A little gulph weed. 
—8. More light in the water. Little gulph weed. | 
— 9. Little gulph weed. Little light in the water laſt evening. 
o. Saw ſome beds of rock-weed; and we were ſurprized to 
obſerve the water fix degrees colder by the thermometer than the pre- 
ceding noon. Ny 
This day (10th) the thermometer ſtill kept deſcending, and at five in 


the morning of the 11th, it was in water as low as 70, when we ſtruck 
ſoundings. 


the 
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ſoundings. The ſame evening the pilot came on board, and we ſound 
our ſhip about ſive degrees of longitude a-head of the reckoning, which 
our Captain accounted for by ſuppoſing our courſe to have been near the 
edge of the gulph ſtream, and thus an eddy-current always in our favor. 
By the diſtance we ran from Sept. 9, in the evening, till we ſtruck ſound- 
ings, we muſt have then been at the weſtern edge of the gulph ſtream, and 
the change in the temperature of the water was probably owing to our 
ſuddenly paſling from that current, into the waters of our own climate. 


On the z 4th of Auguſt the following experiment was made. The 
weather being perſectly calm, an empty bottle, corked very tight, was 
ſent down 20 fathoms, and it was drawn up ſtill empty. It was then 
ſent down again g5 fathoms, when the weight of the water having forced 
in the cork, it was drawn up full; the water it contained was immediately 
tried by the thermometer, and found to be 70, which was fix degrees 
colder than at the ſurface : The lead and bottle were viſible, but not very 
diſtinctly ſo, at the depth of 12 ſathoms, but when only 7 fathoms deep, 
they were perfeftly ſeen from the ſhip, This experiment was thus re- 
peated Sept. 11, when we were in ſoundings of 18 fathoms. A keg was 
previouſly prepared with a valye at each end, one opening inward, the 
other outward; this was ſent to the bottom in expectation that by the 
being both open when going down, and both ſhut when coming up, it 
would keep within it the water reccived at bottom. The upper valve 
performed its office well, but the under one did not ſhut quite cloſe, fo 
that much of the water was loſt in hauling it up the ſhip's ſide. As the 
water in the keg's paſſige upwards could not enter at the top, it was con- 
eluded that what water remained in it was of that near the ground, and 
on trying this by the thermometer, it was ſound to be at 38, which was 
12 degrees colder than at the ſurface. 


This laſt Journal va. ebligingly kept for me by Mr. J. Williams, my fel- 
low paſſenger in the London Packet, ⁊ulo made all the experiments with great 
exac ing. | | 


MEMOIR 


Read Nov. 
19, 1790. HAVE hitherto delayed making a public 


communication of my ſea journals, from an apprehen- 
ſion of being thought too forward in calling the attention 
of the Philoſophical Society to the ſubject of them; but 
being imprefſed with a belief, that by noticing the 
changes in the heat of the ſea water, a navigator might 
always know when he is in ſoundings, and thereby be 
able to eſcape the dangers ariſing from unexpected cur- 
rents, and erroneous reckoning, I cannot think myſelf 
juſtifable in longer heſitating to ſubmit my remarks to 
their learned and judicious examination. 


This ſenſs of duty is ſtrengthened by the recollection 
of many melancholy inſtances where mariners, in full 
confidence of being at a diſtance from land, have, with 
crouded fails, ruſhed on to deſtruction ; and I was once 
within half an hour's time of being ſhipwrecked on the 
rocks of Scilly, when the return of day preſented to our 
view the frightful rocks we, had ſo narrowly eſcaped. 


If it ſhould be found that the uſe of the thermometer 
would be an improvement in the art of navigation, I 
ſhall be abundantly rewarded by the reflection of having 
contributed to the ſervice of humanity, which is the 
common cauſe of all men. If it ſhould, on the contrary, 

; appear 
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appeat that I am miſtaken, either in the facts or the con- 
clufions deduced, I truſt that the deſire of doing good, 
the only motive that actuates me, vill meet with indul- 


gence from every candid mind. 


In the months of Auguſt and September, 1785. 1 
was a fellow paſſenger with the late Doctor Franklin 
from Europe to America, and made, under his direc- 
tion, the experiments mentioned in his defcription of 
the courſe of the gulph ſtream, an account of which 
was annexed to his maritime obſervations, and publiſh- 
ed in the Philoſophical Tranſactions Vol. II. page 328, 
I then determined to repeat theſe experiments in my 
future voyages. Accordingly on a paſſage from Boſton 
to Virginia in October 1789, I kept a journal of the 
heat of the air and water at ſun rife, noon and ſun ſet; 
I then noticed that the ſea-water out of ſoundings was 
about ten degrees warmer than that on the coaſt, and it 
very naturally occurred to me that the thermometer 
might become an uſeful nautical inſtrument to indicate 
-an approach to the ſhore. I thought it prudent, how- 
ever, to keep this idea to myſelf till after I had made a 
courſe of fair and repeated experiments, which I accor- 
dingly did during four paſſages, iſt, the one from Boſ- 
ton to Virginia abovementioned, 2d, from Virginia to 
England, 3d, from England to Halifax, and ꝗth, from 
Halifax to New-York. By conſulting theſe journals 
and the obſervations made at the dates written, together 
with 
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with the tracks of the ſhip's way marked on che chart 
annexed, it will not only appear that Doctor Franklin's 
account of the warmth of the gulph ſtream has been 
amply confirmed, but alſo that banks, coaſts, iſlands of 
ice, and rocks under water, may be diſcovered when 
not viſible, and when the weather is too boiſterous to 
ſound, with no other trouble than dipping the thermo- 
meter into the ſea water. It is well known to failors, 
that the water on the banks of Newſoundland is cold, 
but as they only try this, with the hand, their remarks 
are contradictory owing to the varied temperature of 
the hand, and I never heard of any further application 
of what they think merely a mattter of curioſity. Doc- 
tor Franklin's obſervations had the knowledge of cur- 
rents for their object, and this extenſion of his diſeovery 
did not occur; but as I am indebted to his inſtructive 
converſation and example, for my inducement to purſue 
philoſophical reſearches when in my power to do fo, 
he may be conſidered as the original cauſe of what is 


now preſented for examination. 


It will be proper to ſuſpend any concluſions till the 
journals have been attentively conſidered, but as a guide 
to the object of them, it may not be amiſs to ſtate ſuch. 
facts as it is preſumed the experiments haye a tendency. 
to eſtabliſh, 
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1. The water over banks is much colder than the 
water of the main ocean, and it is more cold in propor- 
tion as it is leſs deep. 


2. The water over ſmall banks is leſs cold than that 
over large ones. 9 | | 

3. The water over banks that are near the coaſt is 
warmer than that over baaks far diſtant, but it is colder 
than the adjacent ſca. 5 

4. The water over banks of the coaſt, i. e. thofe im- 
mediately connected with the land above water, is 
warmer than that over thoſe which admit deep water 
between them and the coaſt; but ſtill it is colder than 


the adjacent ſea. 


5. The water within capes and rivers does not follow 
the above rules; it being Jeſs agitated, and more ex- 
poſed to the heat of the ſun, and to receive the heat from 
the circumjacent land, muſt be colder or warmer than 
that in ſoundings without, according to the ſeaſons, 


and temperature of the atmoſphere. 


6. The paſſage, therefore, from deep to ſhoal water 
may be diſcovered by a regular uſe of the therihomll5, 
before a navigator can ſee the land; but as the tempe- 
rature is relative, no particular degree can be aſcertain- 
ed as a rule and the judgment can only be guided by the 


difference. Thus in Auguſt I found the water off Cape 
| Cod 
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Cod to be 589. by Fahrenheit, and at ſea" it was 69 
in October the water off Cape Cod was 489. and at ſea 
it was 59%. This difference was equally a guide in 
both caſes, though the heat was different at different 
ſeaſons. Luc 1 "Sq, 

I do not preſume to ſay what is the cauſe of this 
difference of heat between the fea, and bank water, but 
if a navigator were to obſerve it when near an iſland of 
ice, he would very naturally ſay that the ice conducted 
the heat from the circumjacent water, and left it colder 
than that at a diſtance. And as it is well known that 
ſtones and ſand are great conductors of heat, it ſeems 
probable that banks alſo conduct the heat from the adja- 
cent water, though not ſo rapidly as ice. The heat 
of the water may indeed be ſuppoſed to ſeek its equili- 
brium, but as long as iſlands of ice and banks conti- 
nue to conduct, there muſt be ſome difference, and this 
it is, which, by attention, may be made a faithful ſen- 


tinel to give an alarm when danger is near. 


I have thought it my duty to preſent my journals as 
they were written at ſea, to avoid the ſuſpicion of having 
added any thing from the ſuggeſtions of the imagination. 
While this will be received as a circumſtance favourable 
to the truth of them, I hope it will alſo operate as an 
apology for their imperfections, 


The 
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The journal A. from Boſton to Virginia, ſhews that 
the water on the coaſt of Maſſachuſetts, was at 48?; 
at ſea between that coaſt and the ſtream, 59 in the 
gulph ſtream at its edge, 67; between that and the 
coaſt of Virginia farther ſouthward, 649; and in ſound- 
ings on that coaſt, 56%. At that ſeaſon (in October, 
juſt after the warm weather) the water grew warmer as 


we approached the land. 


F | The journal B. ak Virginia to England, 3 that 
in December, the water in the coaſt of Virginia was 
at 47%; between the coaſt and the ſtream, 60 
and in the ſtream, 709% This current being in our 
favour, we did not avoid it, and the water continued 
with little variation, till we came near the banks of New- 
foundland, when the thermometer ſell from 66 to 54; 
paſſing theſe, it roſe again to,609. and then continued 
2 very gradual deſcent as we went to the northward, 
till we ſtruck ſoundings, when it was at 489. | 


It may be here obſerved, that the decreaſe in the heat 
of the water was ſo gradual as to give but one degree in 
a day's run, while in going to, or coming from the coaſt. 
of America, the thermometer will alter 8 or 10 degrees 
in a few hours run. It is well known, by ſounding, 
that the Engliſh coaſt extends with a very gradual de- 
ſcent to a great diſtance. It is alſo known that the 
American coaſt does not extend very far, and the water 
is ſuddenly deep. Let theſe facts be compared with the 
changes 
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changes in the thermometer, on the two coaſts, and 
they will agree with each other and confirm what has 
been ſaid about the uſefulneſs of that inſtrument. 


It may be obſerved in Doctor Franklin's journal on 
board of the Repriſal, that in November 1776, when 
near the banks of Newfoundland, his thermometer fell 
ten degrees, though conſiderably to the Southward of 
them, and after paſſing them, it roſe nearly to its for- 
mer ſtate: the Doctor did not make any obſervation on 
this circumſtance; but it agrees with my journal, in 


nearly the ſame place, made nine years afterwards. 


The journal C. from England to Halifax, ſhews the 
changes in the heat of the water as we failed over banks 
and deep water alternately, with an accuracy that I con- 
feſs, exceeded my expeQation, the land appearing as 
the thegmometer indicated our approach to it. 


The journal D. from Halifax to New-York not only 
ſhews the variety of depths we paſſed over, but indicates 
the inner edge of the gulph ſtream. As by the ther- 
mometer and ſoundings it appeared to me that the ſhip 
was a-head of the reckoning, I made allowances for the 
eddy current of that ſtream in our favour, and compar- 
ing theſe with the chart, I noted in the journal, the 
longitude I thought we were in, under that calculated 
þy the ſhip's officers: what encouraged this opinion, 
was 
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was the diſagreement between the ſoundings by the 
lead, and thoſe marked on the chart in the places where, 
by the common reckoning, the ſhip was ſuppoſed to be; 
while upon the other ſuppoſition they both agreed. 
When we made the land this latter reckoning turned 
out accurate, and I won a ſmall bet of the Captain who 
candidly acknowledged the uſefulneſs of the thermome- 
ter, and declared that he would in future, always have 


one on board. 


Finding the coaſt of America to grow ſuddenly deep 
as it approaches the gulph ſtream, and finding continued 
ſoundings from Cape Sable to New-York, I am induced 
to believe that it has its ſhape according to the courſe of 
that current, and that it is connected in a ſweep from 
the banks of Newfoundland to Florida, the various banks 
between being only eminences of the coaſt. If my ap- 
prehenſion of the accuracy of thermometrical obſerva- 
tion is well founded, it would be an eaſy thing to make 
a general ſurvey of the coaſt under water, more parti- 


cularly than has hitherto been, or could be done by 


ſounding. : 


On the chart annexed, the tracks of my ſeveral paſs- 
ages are marked with the daily heat of the water in de- 
grees according to Fahrenheit, by which the variations 
on the approach to land may be ſeen at one view. The 
edge of the gulph ſtream is alſo traced according to the 

| experiments 
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experiments as far as the banks of Newfoundland : how 
far it runs to the eaſtward I do not pretend to ſay, but 
having found a current in the natural direction of its 
ſweep among the weſtern iſlands, I am inclined to think 
it extends ſo far, before it turns off to the ſouthward. | 
It may be obſerved, however, that as this ſtream, like 
all other currents, muſt be affected by tempeſts on either 
fide; it may, as theſe prevail, run ſomewhat nearer or 
ſomewhat farther diſtant from the coaſt. 


In confirmation of what has been ſaid about the eddy 
current of the gulph ſtream, I have extracted from the 
journal of an officer belonging to the Britiſh ſhip of war 
Liverpool, ſome obſervations which deſcribe this eddy 
on both ſides of the ſtream,* two other extracts from 
the ſame journal deſcribe a current among the weſtern 
Iſles, which is perhaps the gulph ſtream, then turning 
to the ſouthward. This journal was communicated to 
me by Capt. Schuyler of the Britiſh packet, on board 
of which I made my laſt- experiments and obſervations. 


{ In addition to my joumals, I have ſubjoined an ac- 
count of ſome experiments on fiſh, which ſhow that their 
animal heat was 16 degrees colder than the water at the 
ſurface z from which it may be ſuppoſed that the water 
at bottom is in proportion colder than that above. It 

may 
* Appendix Na. I. 
+ Appendix No, II. and III. 
t Appendix No, IV. 
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may be naturally ſuggeſted, that trying the heat of the 
water at the ſurface, (the only way in one's power when 
ſailing rapidly through it,) is too inaccurate to be de- 
pended on ſince the ſurface muſt be heated by the at- 
moſphere. To this it may not be amiſs to anſwer.— 1. 
That by repeated experiments at the depth of 30, 40, 
and 60 fathoms, I have found the water below, out of 
ſoundings, to be no more than fix degrees colder than 
that above; and at four or five fathoms deep, when 
the ſea was agitated, there was no difference worthy 
notice. 2. When the ſea is not agitated and the ſur- 
face, by being expoſed to a hot ſun, is warmer, the 
weather being calm, it is eaſy to have water from a 
conſiderable depth; this I have found to make a differ- 
ence of one or two degrees only, and it is eaſy to make 
the allowance. 3. The difference of heat which marks 
an approach to land is ſufficiently ſenſible at the ſurface 
for the purpoſe of giving notice of danger. I have gene- 
rally found it to be 6”. in three hours run, and long be- 
fore we were near enough to be in danger. Upon the 
whole, as it is fact, and nat argument which ſhould 
inſpire belief, I wiſh every doubting navigator to endea- 
'vour to confute me by making other experiments, and 
thereby, if he can, detect the fallacy of mine. 


JONATHAN WILLIAMS. 
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Tſe Journals, as they were preſented to the ſociety, contained the experiments in 
detail; but it was thought expedient in the publication of them, to ſuppreſe all 
thoſe, which, by baving nearly ſimilar reſults, may be conſdered as repetitions of 
the preceding, or gradua! approaches towards the ſucceeding ones. The reader 
may depend, bowever, that nothing is altered, and that the heat of the water was 
talen at leaft three times every day during all the voyages, and when paſſing over 
banks, or approaching the coafl, almoſt every hour, as well by night as by ay. 
N. Z. The Thermometer uſed was on Fabrenbeit's ſcale. 

— — 
A. A Thermometrical Journal of the temperature of the atmoſphere 
and the ſea, on a paſſage from Boſton towards Virginia, 
on board of the ſchooner America, Capt. Brace. 
By JoNATUAN WILLIAMS. 


LIES tlio oi 
Dates. Time, | Places in at Noon, { Teniper, of 
| Lat. N Long. W. Air. Wade: 
| 
1789. — — — 
od Sun ſet. 42? Lo 69“ 40 58 43 
12 Sun riſe. 50 54 
Noon, 40 23 68 46 50 | 53 
Sun ſet. 52 | 5y 
13 Sun riſe, INK - $7 2 
Noon. 40 0 
Sun ſet. F * 64 65 
14 | Sunriſe, | 65 62 
I Noon. 38 46 71 38 69 | 6r 
Sun ſet, 66 64 
15 | Sunriſe, 70 | 65 
Noon. 33 25 73 10 67 64 
Sun fer. 
16 | Sunriſe, 59 | 63 
Noon. 37 45 73 40 60 | 64. 
Sun ſet. 61 64 
17 Sun riſe. 1 62 64 
Noon. 37 36 708 'v 66 64 
Sun ſet. 65 64 
18 San riſe, | 60 57 
Noon, 37 34 74 45 69 
Sun ſet. 50 7 
19 | Sunriſe, 56 bo 
Noon. 37 4 76 4 58 58 


Norxs. 
ORober 11—ſun ſet. Sailed at 8 A. M. from Boſton; and at ſun ſet, 
we were off Cape Cod, which is in lat. 42. 5. N and long. 69. 40. W 
from London. Sce John Hamilton Mcore's practical navigator. 


E ORober 
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October 12—noon. No ſymptom of the gulph ſtream in this longitude, 
- ſun ſet. We now probably approach the gulph ftrcam, 
the water being 7. warmer than at noon, 


October 13=ſun riſe. At midnight, we had made nearly SW courſc 
diſtant 80 miles; the water then was at 60. 


October 13—noon, We are now probably within the ſtream, the wa- 
ter being 15. warmer than yeſterday at this time. | 


October 13—ſun ſet. We had a good obſervation at noon; we are 
probably till in the ſtream, the water continuing warm. 


October 14—ſun riſe. We have made about a weſt courſe 0 the 
night, diſtant about 52 miles. 


October 14—noon. It appears by obſervation, that we are 18 miles 
north of our reckoning ; hitherto our reckoning has appeared accurate. 


October 14—ſun ſet. The water yeſterday noon was 60. warmer than 
at the ſame time to-day, yet the air was 9“. warmer to-day than at the 
ſame time yeſterday. By this difference of temperature, and by the loſs 
of 18 miles diſtance, it is probable that we were within the ſtream yeſ- 
terday, and carried to the northward by its current; thus it appears, 
that in the lat. 389. 43“. N, the weſtern edge of the ſtream extends as 
far as long. 71, 15. W, which is the mean between yeſterday and to-day's 
it reckoning. bi 
October 16—noon. I ſent a well corked bottle 30 fathoms deep, and 
| drew it up empty: I ſent it again 60 fathoms deep, and drew it up full, 
this water was then taken at a depth ſomewhere between 30 and 60 fa- 
thoms, and it was by the thermometer at 589. ſix degrees colder than at 
the ſurface, £49. 


October 17—=noon. Obſerve how regular the temperature of the wa- 
ter has been during four days, i. e. ſince leaving the ſtream. 


October 12=ſun riſe, By the ſudden change in the heat of the water, 
I ſuſpeck we are drawing near ſoundings. 


October 18—noon. Sounded, but no bottom, with 60 fathoms of 
line. No obſervation for the firſt time ſi.ge we have been out. 


oder 18 At 8 P. NI. got Lonom 23 fathums, heat of water 36“, 
At midnight 21 fathoms, 


October 
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October 19. At 2 A. M. 18 fathoms, at 4 A. M. 14 fathoms, at 8 
A. M. made Cape Charles, WNW, at 9 Cape Henry, W by SW off 
Willoughby's point, in the mouth of James river. 
John Hamilton Moore's practical navigator, is in lat. 37%. 9. N long. 

959. . W. We are now about 16 miles within the Cape, thus the 


reckoning proves to be very accurate. 
N, B, The water appears ſomewhat warmer in ſhoal than in deep 


ſoundings, within the Cape, 


and the ſea, on a paſſage from Virginia to England, on 


——ů— ü —— — " 
B. A Thermometrical Journal of the temperature of the atmoſphere 


board of the brig Mercury, Captain Thompſon. . 
| By JonaTuan WILLIAMS. | 


Cape Charles, by 


* 


Dates. Time. Places in at Noon. Temper. of 
Lat. N. Long. W. Air. 1 
1789. — — 
Nov. 30 [ Noon. 37? & 235*: 43-4224 
Sun let. 42 50 
Dec. x | Sun rife. 42 54 
Noon. 36 30 70 12 44 | 60 
10 P. M. 30 700 
2 Sun ſet. 36 30 68 47 58 167 
3 Noon. 36 30 65 39 60 70 
Sun ſet. 63 71 
4 un riſe. N 59 69 
Noon. 9 62 13 | 60 68 
Sun ſet. 59 67 
Li 8A.M. 56 66 
| l Sun ſet. 38 7 F 66 | 68 
Noon. 38 43 52 12 68 66 
9 |} Sunriſe. 39 56 48 52 66 | 62 
10 | Sun riſe. 46 | 54 
Noon. 40 10 46 12 54 | 60 
Sun ſet. 52 62 
11 } Noon, 40 44 43 39 56 60 
13 | Noon. 42 22 39 35 62 Li 
14 Sun riſe, 43 34 36 4 61 3 
15 | Sunriſe. | 38 | 57 
a Noon. 44 38 32 27 60 55 
16 | Noon, 45 38 29 © 56 | - 53 
22 | Sunriſe, 48 22 214 2 | 48 50 
24 | Midnight. 49 48 13 54 46 4 
25 Noon. 49 40 10 14 48 | 4 
2 | Noon. 49 36 3 32 58 | 49 
28 Noon. 50 24 2 22 50 49 


NoTz:, 
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NoTEzs. 

Nov. 30. Salled this morning from Hampton Road ; at noon Cape 
Henry bore Weſt, diſtant 2 leagues. | 

Dec. 1. Entered the Gulph ſtream, at 10 P. M. 

December 10 ſun riſe. 1 ſuppoſe this caldneſs to be owing to inn 
of Newſoundland, which are in this Longitude. 

December 22. Since the 16th there has been little or no alteration til 

J 7. - 3 ' 

December 25. At 8 P. M. ſounded in 75 fathoms. 

December 27. At noon ſounded in 40 fathoras. = 

December 28. At noop ſaw Portland. 


C. A Thermometrical 3 of the temperature of the atmoſphere and 
the ſea, on a paſſage from Falmouth i in England, to Halifax in Nova 
Scotia, on board the Britiſh packet Cheſlerfield, Cap. Schuyler. 
By JoxaTuan WiLL1AMS. 5 


r Places in at Noch. Temper. of . 
N Time, * 237 287 3 (26:6 
1790. Lat. N. | Long. W. | Air. Water. 


Noon. | 
P. M. 
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C. A Thermometrical Journal of the temperature of the atmoſphere and 
ſea, on a paſſage from Falmouth in England, to Halifax in Nova 
Scotia, on board the Britiſh packet Cheſterfield, Cap. Schuyler. 


By JONATHAN WILLIAMS. 


{ Continued. ) 
Places in at Noon, | Temper, of 
Dates. Time: 81 57 
1790. Lat. N. Long. W. | Air, | Water. 
July 7 | 4 A. M. \ 582 | 54® 
6 A. M. | 56 1 
7 A. M. 56 49 
10 A. M. | 56 |} $54 
11 A. M. 35 [83 
Noon. | 45* & | 4% 57 55 
6 P. M. 55 49 
8 6 F. M. 45 14 49 13 53 | 47 
9 [S A. M.] 45 1051 9 $53 | 47 
10 8 A, NM. 44 54 53 39 52 SI 
11 | 8 A. M. 44 52 54 57 58 53 
6 P. M. | 54 
12 [8 P. M. 44 49 56 16 55 | & / 1 
13 |8A.M.| 44 30 | 58 28 | 55 | 53 
8 P. M. Be 56 | 56 
10 P. M. | 56 | 33 
14 | 8 A. M. 60 56 
| Noon. 44 33 [ 359 54 60 | - 6x 
Midnight. | 3 
15 2 f. M. 44 30 61 20 | © 9 
5 P. M. | 60. 5 
8 P. M. 60 5 
16 | Noon. 44 34 6a 17 61 | 57 
744 8 P. M. 3 60 53 
17 [6 A. M. 59 52 
Noon. | 62 57 
18 | 4 A. M. At che mouth of Halifax H. 84 52 
Norrs. 


July 1. In the evening, I trained a bucket of water through a towel, 
and the luminous appearances ſo common in the ſea, remained on the cloth. 


July 6—at 5 P. M. I ſappoſe we ate on Jacquet's Bank. —7 P. M. I 
ſuppoſe we are between Jacquet's and the Grand bank of Newfoundland. 


July 5—at 4 A. M. Theſe irregular degrees of heat indicate eminences 
in the valley between Jacquet's and the Grand Bank, 


July 9—at 3 A. M. Sounded in 40 fathoms. 
July 10——at 8 A. M. Sounded in 45 fathoms. 
July 11=at 8A. M. Sounded 56 fathoms.—6 P.M. Sounded 75 fathoms. 
he July 
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July 12—at 3 P. MI. Sounded, no bottom, in 110 ſathome, over the 
0 tand Bank. 


| July 13—at 8 A. M. Sounded 3 in 42 fathoms ; perhaps on the whale 
nk.—8 P. M. Sounded 40 fathoms.—10 P. M. Sounded 35 fathoms. 
July 44—at 8 A. M. Sounded in 38 ſathoms.— Noon. Scunded 60 fa- 
oms, calm, and bright ſun. 
July 15—at 2 P. M. Saw land..-5 P. M. Tacked and flood off land, 
_ founded 13 fathoms.-$ P. NI. Land out of ſight. 


July 16—noon. Standing in for land.—8 P. M. Tacked and off the land, 
July 17-6 A. M. On Jeddore Bank.-Noon. Off the Bank. 


Nr on a paſſage from F. abnouth to Halifax. 


By JoNATuAN Williams, 


1790. June 17. The very gradual increaſe in the heat of the water ay. 
we leave England indicates a ſmall deſcent of the coaſt, 


which as far as ſoundings go, is known to be the caſe. 


July 6. Here we find a ſudden change of 7 degrees in the heat of 
tat. 44- 43. N the water, which indicates our approach to the banks of 
lon. 46. 7. W Newfoundland, though not in ſuch ſoundings as we could 

obtain, | 


We tried with 160 fathoms but the lead was only about 
12 pounds, and the line was a very thiek one: perhaps the 
line floated the lead. At 5 P. M. the water was ſtill 
colder 4 degrees; but at 8 A. M. it grew warmer again 
6 degrees, this ſeems to indicate a paſſage over a bank, 
into water, as deep as when we diſcovered the firſt change. 


July 7. We are now in cold water again (49) 13 degrees colder 
iat. 45. ©. N- than the ocean water had regularly been during 12 days 
log, 47. 57. W previous to the firſt change, except only the ſmall variations 

of a more northern or more ſouthern courſe, /theſe changes 
ſcem to indicate our entrance on another bank. There is 
a bank laid down in the charts, by ſome called Jacquet's 
bank, but by the older charts called Falſe bank, over 


* which we have probably paſſed. In this longitude, but 
farthcr 
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farther ſouth, both by Dr. Franklin's and my own obſer- 
vations, the water grew ſuddenly cool. This ſeems to 
confirm the ſuppoſition of this outer bank, the ſouthern- 
moſt point of which I ſuppoſe to extend as far as lat. 40. 
o. N. We hove too in order to try the ſoundings, but 
the ſorce of the back ſail carried away the main top maſt 

head, and brought the top gallant ſail, maſt and rigging 
down, this confuſion interrupted the ſounding; and we 
had only 80 fathom of line out, when it was hauled in. 


July 8. At 6 P. M. the water was only 2 degrees colder (47) 
| than when we were interrupted in ſounding, and we got 
bottom in 40 ſathoms. 


July 12. From the laſt ſound to this time the thermometer has 
lat. 44. 49. N varied, regularly as the ſoundings varied the water being 
lon. 56. 16. W warmer when deeper, and cooler when ſhoaler. It is now 

at 55, which is 8 degrees warmer than when we had 40 
ſathoms. We now ſounded and could not reach bottom 
with 110 fathoms of line. This indicates that we are off 
the Grand bank, and within it, By taking our diſtance 
from the time the thermometer firſt fell to «<4, to the laſt 
time it ſtood at that degree, we may give an account of 
the width of the ſoundings on this Grand bank, though it 
probably extends much farther, but in deeper water, 
This is noted on the chart. The variati s in the thermo» 
y meter between laſt night and this moruing, indicate out 
paſſage over an eminence of the bank, called the Whalz 


- bank, ſituated on its inner edge. 


July 13. Thermometer at 8 A. M. was at 53, two degrees 

lat. 44. 30. IN colder than when we could not reach bo tom with 110 
lon. 58. 28. W fathoms of line: and we ſounded in 42 fathoms. This 
| indicates our entrance on another bank, which is called 

in the charts Banquereau, It is obſervable that the water 

of ſmall banks is not ſo cold as that of large banks, and 

this ſeems natural, if it is ſuppoſed that the conducting 

power of the land, taking away part of the hcat of the 

water, is the cauſe of the changes in the thermometer ; 

for 


July 14. 
lat. 44. 33. N 
lon. 59. 54. W 


July 15. 
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for that power muſt have leſs effect, as the quantity of the 
ground under water is leſs : and this muſt be ſtill more 
remarkable when the bank is immediately conneQed with 
land above water, for ſuch land conducting heat away from 
the atmoſphere, and receiving much from the ſun, muſt 
require leſe ſrom the water. This remark has been uni- 
ſormly conſirmed in all my experiments within Capes, 
where the water is much warmer than in ſoundings with- 
out them, And it is further obſervable, that the water 
on the coaſt of America on the edge of ſoundings, is not 
above 6 or 8 degrees colder than deep water; but on the 
banks of Newfoundland it is from 12 to 15 degrees colder. 


Here we have the water 57, which is 29. warmer than 
when we could not get bottom between the banks, yet 
we have 65 fathoms, at noon it was up to 61. and we had 
the ſame ſoundings; but as it was calm weather, and as 
we had a hot ſun, allowance muſt be made for its influence, 
and therefore no certain concluſion can be drawn, The 
depth of the water however indicates our going off Ban- 
quereau, and the white ſand of the bottom indicates that 
we are on the edge of the bank which is connected with 
the Ifle of Sable. This alſo accounts, from the above 
mentioned principle, for the unexpected warmth of the 
water. 


We ſaw the land at 2 P. M. and now we are in 13 fa- 


lat. 44. 50. N thoms of water, thermometer 53. This land agrees wich 


lon, 61. 20. W 


July 18. 
Off Halifax 
Harbour. 


the deſcription of that about St. Mary's river, and tra- 
cing our courſe back, ſnews us to have been laſt night, 
and the preceding days, in the very places indicated by our 
reckoning, thermometer, and ſoundings, We tacked 
and ſtood off, 


The thermometer, when we ſtood off the land, roſe up 
to 57. and when we came on and made the high lands of 
Jeddore, it indicated Jeddore banks by falling to 52. when 
being becalmed we caught fiſh ; leaving the bank it roſe to 


57. and new we are in fight of our port it ſtands at 52. 
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Places in at Noon. 


— 


Lat. N. 


——— 


Halifax 


| Without th. 


439 ra! 


41 57 


41 53 


41 8 


40 23 


40 29 


40 29 


— — 


Long. W. 


Harbour. 
Harbour. 


649? 6 


"065 2 


65 33 


40 


20 
30 
14 
10 


* 
30 


73 40 


| 


Temper. of 
Air. | Water, 
565 539 
$$ 52 
6a | 56 
56 50 
56 53 
56 50 
56 54 
56 50 
58 53 
63 58 
62 57 
62 | 56 
64 58 
G4 55 
62 53 
62 60 
62 53 
60 57 
64 60 
64 62 
60 54 
62 | 60 
64 56 
64 54 
65 59 
64 55 
64 56 
67 61 
68 60 
69 | 64 
6 64 
6 63 
68 63 
65 64 
A 
7 
69 68 
70 69 
70 68 
70 68 
66 66 
68 | 66 


* N. B. By the ſoundings and the thermometer, I ſuppoſe. the true 
longitude to be as marked under the reckoning. , 


F 


Notre, 
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Norxs. 
July 21. Sailed at 8 A. M.—4 P. M. Land out of fight. 


July 22—6 A. M. I ſuppoſe we are on Roſeway bank. Noon. I ſup- 
poſe we are between Roſeway and Brown's bank. —4 P. M. I ſuppoſe 
we are on Brown's bank.-7 P. M. I ſuppoſe we are off do. 


July 24—6 P. M. Tried current and found it NE I knot, no bottom 
in 80 fathoms, 


July 25—noon. Much Gulph weed, a whale, two ſharks, and many 
porpoiſes.—6 P. M. Bottom in 42 fathoms, no Gulph gs, 
Bottom in 32 fathoms, ſtood north. : 


July 26—3 A. M. Bottom in 32 fathoms, ſtood ſouthward.—4 P. M. 
Bottom in 50 fathoms, ſtood North. 


July 259-3 A. M. Bottom 35 fathoms, ſtood ſouthward.—7 A. M. 
Stood weſt.— 4 P. M. Bottom in 28 fathoms,-8 P. M. Bottom in 
40 fathoms,-10 P. M. Bottom in 30 fathoms, 


July 28—1 A. M. Bottom 32 fathoms, ſtood 8E. —6 A. M. Bottom 
in 43 fathoms, ſtood SW. — Noon. Bottom 36 fathoms, ſtood ESE.—8 
P. M. Bottom in 65 fathoms, wore ſhip, almoſt calm.— 10 P. M. No 
bottom, I ſuppoſe we are within the influence of the Gulph ſtream; in 
its eddy perhaps. 

July 29—4 A. M. Bottom in 57 fathoms, ſtood weſt.—10 P. M. 
Bottom 45 fathoms, the water being warmer than in the ſame depth when 
I thought 'we were near the ſhoals, I am induced to believe that this bot 
tom is that of the coaſt. 


July 30—8 P. M. Bottom in 56 fathoms, mud. 


July 31—3 A. M. Bottom in 63 fathoms, mud. The muddy bottom 
ſhews tat we are within the ſhoals and banks of the coaſt. 


Arguſt 1—9 A. M. Saw the land off Long Iſland, bearing north. 
4P. M. New York Light Houſe in ſight, bearing weſt. N. B. Since 
2 A. M. we have been going from 5 to 7 knots, i. e. about 50 miles 
W which makes the longitude by thermometrical reckoning and ſound- 


ings, 73. 40. Wat noon, which turns out, accurate, the land being in 
705 o. W. 


Obſervations 
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Obſervations on a voyage from Halifax towards New-York. 


1790. July 21. Sailed this morning from Halifax. The water at the 
harbour's mouth and juſt within Chebucta head, was at 
53. but without it was at 52.—In land locked places I have 
generally found the water warmer than in even greater 
depths, on the borders of the ocean. 


22. When we loſt ſight of land the water was at about 56. 
but at 6 this morning it having cooled to 50. I ſuppoſe we 
are paſſing over Roſeway bank. 


At noon the heat of water had riſen to 53. which makes 
me fuppoſe we are over the ground between Roſeway and 
the other bank called in ſome charts Brown's bank, and at 
4 the water cooling again to 50, I ſuppaſe we are on this 
laſt mentioned bank, 


24 The water at noon yeſterday growing as warm as $6. I 
Lat. 4T 57. ſuppoſe we are on the SE edge of Brown's bank. As we 


Long. 65. I+ afterwards hauled up more to the weſtward, and as the 
water at 8 this morning cooled to 50. again, I ſuppoſed we 
had returned more on the bank. But at noon the therma- 
meter roſe to 58. As it was calm, and the ſun hot, I 
made ſome allowance for that cauſe, but ſuppoſed we had 
got off ſoundings, and as at 6. (the air being 69, cooler than 
at noon) it was at 57. I was confirmed in this. It being 
ſtill calm, and there appearing ſome Gulph weed, we 
hoiſted out the boat to try the current which we found ta 
ſet NB nearly 1 knot. This puzzled me, I could not 
conceive ourſelves to be in the Gulph ſtream, becauſe the 
water was not hot enough for that ſuppoſition, and as the 
iron pot by which we anchored the boat, was not at bot- 
tom though 80 fathoms of line were out, I thought the 
heat 57. fully accounted for by the depth of water; but 

about 7 when we had made a little way through the wa- 
ter, it became again calm, and we then a and heard 
the ripple of a current as evidently as we could have ex- 
pected over a ſhoal. Icou}d net account for this any other- 
wiſe than by ſuppoſing it to be the Gulph ſtream, yet it 
appeared 
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appeared impoſſible that it ſhould come ſo near the bank. 

Our Captain reſolved to try again if there was a current 

here, at a diſtance from this ripple and in a calm. He 

accordingly hoiſted out the boat again, and the current 

was found to ſet 8E by 8 about I knot. The evidence of 

SET this various current in ſo ſhort a ſpace, the heat of the 
water not being raiſed to the heat of the ſtream, and our 
ſituation to the northward made me conclude this to be 
the whirlpools of the eddy of the Gulph ſtream juſt on 
the northern edge of it. 


Joly 25. Noon, The water ſtill continuing till noon nearly at the ſame 
Lat. 41. 53. temperature, and our courſe being to the weſt ſoutherly, 
Long. 65. 33. I concluded that our fituation with reſpect to the ſtream 
was nearly the fame as laſt remarked, this was confirmed 
by the paſſage of immenſe quantities of Gulph weed, a 
deal of ſcum and mucus, with a whale, two or three 
ſharks, and a ſchool of porpoiſes in the courſe of the 
morning ; but in the afternoon we fell off further to the 
northward, and at fix P, M. the water was from 55. to 
53. no Gulph weed to he ſeen, and in ſoundings of 42 
fathoms. We tacked and ſtood ſouth at 8 P. M. and 1 
was aſtoniſhed to find at midnight that the water was heat- 
ed to 60. though the ſoundings were only 32 fathoms. 


Here again I could account for this only by the influence 
of the Gulph ſtream, which the Capt. ſeemed to think 
26th. probable, and tacked to the northward, the wind being 
| ſtill at about well, and by 3 A. M. the thermometer fell 
to 53. with the ſame ſoundings, when we again tacked + 
and ſtood to the ſouthward. I then tried the heat of the 
water by the thermometer, regularly every hour, and by 
5 P.M. it was up to 62. The ſoundings then were 46 
27th. fathoms: We tacked and ſtood north, and at midnight | 
it was again down to 55 at 3 A. M. to 54. the ſounding : 
then about 35 ſathoms; we then ſtood ſouth when it re- 
2 turned to 60. Thus upon three ſucceſſive tacks each way 
we cooled or warmed the water as we wete ſtanding either 
northward or ſouthward from 6 to 9 degrees. I could 
0 . * 


July 27. 


July 30. 
Lat. 40. 25. 
Long. 70. 30, 
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only account for this (the ſoundings varying but very lit- 
tle) by ſuppoling that when we ſtood ſouthward we got 
into the warm influence of the Gulph ſtream, and as we 


ſtood northward we got out of it. I do not think we got 


into the ſtream itſelf, becauſe I mould in that caſe have 


expected the water to have been much warmer, but pro- 
bably we have been very near, perhaps upon the edge of 
it: and perhaps we have had a benefit inſtead vf a diſad- 
vantage, by an eddy weſterly current: that we have 
been near it, ſeems pretty clear, for when we warmed 
the water we ſaw plenty of Gulph weed, and the weather 
was clear, when we cooled the water we ſaw no Gulph 
weed and the weather was foggy. 


Perhaps we may be farther to the weſtward than we 
think: time and a good look out will diſcover. 


Since the laſt obſervation relative to the ſtream and 
ſoundings, 1 have kept the thermometer going almoſt 
every hour except when we were ſtanding off the ſhore, 
and by examining the ſoundings according to thoſe mark- 
ed in Mr. Des Barres' chart, I have regularly traced 
them, and if we were to ſuppoſe that a current was ſet- 
ting us about one knot per hour to the weſtward, the 
ſoundings would agree very well, When in about lat, 40. 
25. we were ſtanding off ſhore, we warmed the water to 
64 and got 45 fathoms, this heat I account for by the influ- 
ence of the ſtream, it being greater than the proportion as 
to ſoundings, for in 40 fathoms farther toward the ſhore it 
was only 60. In looking over my journal from Boſton to 
Virginia in Capt. Brace, I found that in nearly the ſame 
latitude the heat increaſed in about the ſame time from 52. 
to 59. but in a ſomewhat longer run. It was then Octo- 
ber, it is now July, and the difference in the number of 
the degrees is eaſily accounted for by the ſeaſun. By go» 
ing more ſouth and weſt in Capt. Brace, the water was 
raiſed co 67, when we found ourſelves within the ſtream, 


it would at this ſeaſon probably be upwards of 70. I there- 
| fore 
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fore conclude that we are within the influence of the heat, 
but not the current of the ſtream, and I am in hopes to 
find that we have had that eddy current in our ſavour. 


Auguſt 1. Having the land in fight, we are confirmed in the ſup- 
9 A. M. poſition that a favourable current has carried the ſhip 
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NOTES TO THE MARITIME OBSERVATIONS. 


— 


Ne. I. 
Extrac from the Journal of an Officer on board the Britiſh 
ſhip of war Liverpool, in November and December, 
1775, on the coaſt of Carolina and Virginia. 


Warn Czpe Henry bore NW 160 leagues found 
a current ſetting to the ſouthward at the rate of 10 or 12 
miles per day, which continued ſo till Cape Henry bore 
WNW 8g or 90 leagues, then found a current ſetting 
to the NE at the rate of 32 or 34 miles per day, this 


current continued till within 33 or 30 leagues of the 
land on the above coaſts, then it ſets to the ſouthward 
and weſtward, at the rate of 10 or 15 miles per day, 
till within 12 or 15 leagues of the land. This current 
which is only the eddy of the Gulph ſtream, ſets moſtly 
SW or as the land lies. 


In lat. 37. 50. ſounded, and had 65 fathoms, fine 
ſand, being 25 leagues from the land. In the ſame 
latitude and only 26 leagues from the land, had no bot- 
tom, with 189 fathoms. | 


From 


— 
— —— r ⁰—⁰—. ä — —ta 
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From lat. 35. 30. to lat. 37. o. there are no ſoundings 
20 leagues from the land, but at 19 leagues diſtance 
there are ſoundings in 60 fathoms, at 18 there are only 
35 fathoms, and from thence gradual ſoundings to the 


ſhore. 


From Cape Hatteras to Cape Henry, the ground is 
fine ſand, and to the northward of Cape Henry, coarſe 
ſand with ſome ſhells among it. 


— 2 


No- II. 


Extract from the Jour nal of an Officer on board the Britiſh 
ſhip of war Liverpool, between 26th September and 
gth October, 1775. 


Is lat. 45. 43. N long. 21. 20. W from Greenwich, 
found a current ſetting to the ſouthward 12 to 15 miles 
per day, which continued till we made the iſland of 
Corvo, the north part of which is in lat. 39. 56. N and 
long. 31. 8. W from Greenwich by celeſtial obſervation, 
which agreed within 12 miles of the longitude per ac- 
count, that being 30. 56. The variation of the compaſs 
off this Iſland is 18. 19. W and in failing to the ſouth- 
ward and weſtward, it gradually diminiſhed, till we 
arrived in lat. 29. o. N long. 66. 40. where we had 
no variation, 


Ne. III. 
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No- III. 
Extract from the Journal of an Officer on beard the Britiſh 
ſhip of war Liverpool. 

ON the 18th of October, 1575, in lat. 42. 4. N long. 
10%, 8. W from the iſland of Corvo, it bearing 8 75. E 
diſtant 156 leagues, the ſea being then very ſmooth it 
was ſuddenly agitated into a ſhort irregular ſea (without 
any ſhift or increaſe of wind) ſuch as is generally occa- 
tioned by currents, and the next day we found we were 
30 miles to the ſouthward of the reckoning. This cur- 
rent continued till the 224 of October, having then 
arrived in lat. 37. long. 13. 30. W. It ſet 8 by Wa 
W 1% miles per hour. 


Having a fair wind, and a good obſervation every 
day, and alſo good aſtronomical obſervations for deter- 
mining the longitude, we had the greateſt reaſon to de- 
pend on the authenticity of the above. 


— — we 


No- IV. 
Extract from the Journal of an Officer on board the Britiſh 
ſhip of war Liverpool, July, Auguſt and September, 
1775+ 4, 
Tk bank from Cape Cod exterids almoſt as far as 
Cape Sable, where it joins the banks of Nova Scotia 


deepening gradually from 20 to 50 or 55 fathoms, 
G which 


1 
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which depth there is in lat. 43. In croſſing the bank 
between lat. 41. 41. and lat. 43. the bottom is very re- 
markable ; on the outſide it is fine ſand, ſhoaling gra- 
1 dually for ſeveral leagues; on the middle of the bank, it 
[ is coarſe ſand or ſhingle with pebble ſtones; on the inſide 
it is muddy with pieces of ſhells, and deepens ſuddenly 
from 45 or 48 to 150 or 160 fathoms. 


— ¶ Ʒf—— 


1 . 


In lat. 44. 54. N long. 53. 19. W on beard the Britiſh 
packet Cheſterfield, Capt. Schuyler. July to, 1790. 


Tur Captain caught a cod fiſh, and in a few minutes 
after it was opened and gutted, I put the thermometer 
into its belly, the inſtrument marked 39. when in air it 
was 57. and in water on the ſurface 52. Depth 46 


fathoms. 


A | In lat. 44. 52. Nlong. 54. 57. W. Fuly 11, 1790. 
| The people caught ſeveral cod fiſh and hallabot, the 
1 * thermometer was put into three cod fiſh and one hallabot 
ſucceſſively, the inſtant they were hauled up, and the 
inſtrument marked 37. in every caſe. The air was at 


57. and the water at the ſurface was 53- The firſt 
experiment 
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experiment was repeated after the fiſh was gutted, and 
it then marked one degree warmer. I thence concluded 
that the difference between the two experiments was 
owing to the time the fiſh was in the air before the trial, 
and that in all the inſtances the animal heat of the fiſh 
was about 169, colder than the water at the ſurface; and 
as it ſeems natural, from analogy, to ſuppoſe that ani- 
mal heat is at leaſt as warm as the fluid in which the 
animal lives, I conclude that the water at the bottom 
was as cold as 37. i. e. 169, colder than at the ſurface. In 
a former voyage it was found by deciſive experiment, 
that near the coaſt in very hot weather the water at the 
bottom in 18 fathoms was 12 degrees colder* than at 
the ſurface. 


Another reaſon to ſuppoſe that the water was colder 
at bottom than the animal heat, was the great diſtention 


of the cods ſounds when they were opened, although . 


they had ſent out innumerable bubbles of air in the paſ- 
ſage up; the air, therefore, within the ſound, muſt 
have been much more compreſſed, (either by cold or the 
power of the animal) below, than above where it was 
at 37. Several fiſh that had been hauled up to the ſur- 
face of the water, and then dropped from the hook, 


ſwam light on the ſurface till they recovered their viva- 


city, 


* See my Journal of a voyage with Doctor Franklin, in the London 
Packet, Captain Truxton. 
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city, although they loſt much air in coming up the 
ſpecific gravity was therefore much leſs than at bottom, 
and this was probably owing to the diſtention of the 
found. That fiſh riſe and fink in the water, by this 
power of increaſing and diminiſhing their bulk, and 
conſequently their ſpecific gravity, is well known to 
naturaliſts, but I was pleaſed to ſee the truth of that 
fact confirmed by theſe experiments. | 


' JONATHAN WILLIAMS. 


REPORT. 


By Don CirRIA NO VIMERCAT1, 


Director of the Marine Academies of Spain. 


Tur memoir of Jonathan Williams, on the uſe of the 
thermometer in the ſea, has been tranſmitted to me, 
with his Majeſty's orders, that I ſhould examine it, give 
my ſentiments upon it, and obtain a correct tranſlation 
of it, in caſe I ſhould conſider it uſeful—This I have 
faithfully executed, adding thereto an exact copy of 


the chart containing the route in which the author made 


his obſervations, leaving ſome names of capes, iſlands, 
&c. in the Engliſh idiom, which appeared to me in 
- moſt general uſe, and giving to others, for a ſimilar rea- 
ſon, thoſe which had firſt been Spaniſh, or permanently 
fixed or denominated in that language and from the 


judgment I have formed on an attentive reading, 


J DO REPORT, 
That the experimentsof Williams are made ſo minute, 
ſo progreſſive, and regular, and ſo analagous to thoſe 


deducible from phyſical principles, univerſally admitted, 


concerning the continued action of heat and the diſtri- 


bution of it through all bodies, that they cannot but be 
an 


ar 


FULLER "NET. 
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an additional ſupport to navigation, and a happy acceſ- 
ſion to the progreſs of the known hydrography. 


That heat ſpreads and paſſes from one body to ano- 
ther contiguous to it, ſeeking as far as poſſible its equi- 
librium, is a fact aſſerted by the famous Boerhave, and 
ſince confirmed and acknowledged by all philoſophers. 


In this ſenſe it is ſaid, that the coldeſt body imbibes 
or abſorbs a part of the heat of that which is leſs ſo. 
This diſtribution is equal, if the bodies are perfectly 
homogeneous, and they transfer from the one to the 
other equal quantities of the matter of heat“ at regu- 
lar periods, until the equilibrium is obtained : Or, 
more ſtrictly ſpeaking, there is a certain acceleration of 
movement in it when paſſing from one body to another; 
but this caſe, except in ſmall maſſes, is either rare, or 
does not in fact exiſt in nature. Yet the effects of this 
matter and movement, approach nearer to it, in pro- 
portion as che bodies in which it acts are homogeneous. 
With the heterogeneous, this diſtribution is not uni- 
form, and the action of the heat is ſlower, or accele- 
rated in proportion to the impediments which one body 
oppoſes to another. In ſmall bodies the difference is 
ſcarcely perceivable. This is proved by the experiments 


of Muſchenbrock, (Lulof's edition from No. 1597 to 
1600 3) 


* Caloric „ 
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16003) in very great maſſes upon the earth, for in- 
ſtance, mountains, or under the water, ſuch as large 
banks, the difference is very ſenſible, the progreſs with 
which this diſtribution is made, being more or leſs ſlow, 
according to the various denſities, or other local cir- 
cumſtances, though always drawing towards the equi- 


librium. 


The abovementioned Muſchenbroek, No. 1602, gives 
the two following obſervations, relative to the heat of 
the ſea water, of which he treats very lightly, no doubt 
from the want of the facts to ſupport him. The firſt 
was taken from Count Marſigli's hiſtory of the ſea, 
which is, that the water of the ocean at the depth of 
720 feet poſſeſſes the ſame degree of heat as the atmoſ- 
pheric air. The ſecond is from Captain Henry Ellis, 
of the royal ſociety of London, who in the Philoſophical 
Tranſactions, Vol. 47, page 213, affirms, that marine 
water from the ſuperficies to the depth of 3900 feet 
gradually becomes more cold, more ſalt, and conſe- 
quently heavier; but from this depth to that of 5346 
(as far as he could extend his experiments) preſerved 
the ſame degree of heat, that is 53% of Fahrenheit, being 
at the ſurface 84. As to the firſt quality of heat, 
which is the preſent object, let us compare this obſerva- 
tion with the hypotheſis of Williams, and with the ge- 
neral principle, in order to ſee whether it confirms 


or contradicts either of them. 
But 
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But before we go into this compariſon, it appears to 
me proper, that Ellis's obſervation may be ſeen, with 
the circumſtances at full length, here to give an extract 
of a letter from him, inſerted in thoſe tranſactiont, dated 
7th of January, 1751, and addreſſed to the celebrated 
Hales, on board the ſhip Count of Halifax: to wit, “In 
« my voyage, being in latitude 257. 15”. north and 
„ longitude 259. 12”. weſt. I made ſeveral experiments 
« with the bucket ſea-guage. I charged it and let it 
« down in different depths from 360 to 5346 feet, and 
« by means of a ſmall thermometer, modelled by Fah- 
« renheit's, conſtrued by Mr. Bird, which was placed 
« init, I diſcovered that the cold increaſed regularly, 
« in proportion to the depths, till it deſcended to 3900 
*& feet; from whence the mercury in the thermometer 
* came up at 53 degrees; and though I afterwards 
funk it to the depth of 5346 feet, that is a mile and 
« 66 feet, it came up no lower. The warmth of the 
* water upon the ſurface, and that of the air, was at 
tc that time, by the thermometer, 84 degrees. I doubt 
& not but that the water was a degree or two colder, 
«© when it entered the bucket, at the greateſt depth, 
te but in coming up, had acquired ſome warmth, for I 
* found that the water which came up in the bucket, 
& having ſtood 43 minutes in the air (the time of wind- 
« ing it up) the mercury roſe above 5 degrees.” Thus 
far the obſervation of Ellis, and he adds: This ex- | 


periment 


64 


cc 


«c 


2 


£6 


«c 


c«c 


«66 
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periment which ſeemed at firſt but mere food for cus 


rioſity, becauſe, in the interim, very uſeful to us. 


By its means we ſupplied our cold bath, and cooled 
our wines or water at pleaſure, which is vaſtly agree- 
able to us in this burning climate.“ He concludes: 
I intend in our paſſage to the Welt Indies, to ſound 
a mile deeper than I have done, having a ſufficient 
quantity of line. But I cannot attempt your method 
to find the depth of the ſea, for want of apparatus,” 


To this letter, which Hales communicated to the 


ſociety, he added one from himſelf to the preſident, in 
which he deſcribes the conſtruction of the ſea guage, 
uſed in the experiments, and ſpeaks thus: © The bucket 


cc 


cc 


cc 


cc 


cc 


«ce 


cc 
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1 


«ce 


ſea gauge. which- he (Ellis) mentions, and which I 
provided for him, to find the different degrees of 
coolneſs and ſaltneſs of the ſea, at different depths, 
was a common houſhold pail or bucket, with two 
heads in it, which heads had each a round hole in 
the middle near four inches diameter, which were 


covered with valves, which open upwards; and that 


they might both open and ſhut together, there was 2 
ſmall iron rod fixed to the upper part of the lower 
valve, and at the other end, to the under part of the 
upper valve: ſo that, as the bucket deſcended, with 
its ſinking weight into the ſea, both the valves open- 
ed by the force of the water which had by that 


means a free paſſage through the bucket. But 
H « when 


46 MARITIME 


« when the bucket was drawn up, then both the valves 
©. were ſhut, by the force of the water, at the upper 
< part of the bucket: by which means the bucket was 
brought up full of the loweſt water, to which it had 
* deſcended. When the bucket was drawn up, the 
« hole at the bottom was ſtopped with cork to keep the 
% water in, when the valves were opened, to come at 
ce the thermometer, which being tied to an upright 
cc ſtick, could readily be unfaſtened, by pulling out a 
6“ looſe nail, which went into the upper end of the 
« ſtick, which was faſtened at its lower eud in the ſame 


© manner. But great care muſt be taken to make an 


© obſervation of the degree the mercury ſtands at, be- 
& fore the lower part of the thermometer is taken out 
&© of the water; elſe it would immediately be altered 
« by the different temperature of the air. In order to 
© keep the bucket in a right poſition there are four 
& cords fixed to it, which reach about three feet below 
% it, to which the ſinking weight is to be fixed.” 


Thus far Doctor Hales. I have, out of compliment 
to the ingenuity and ſimplicity diſcovered in this inven- 
tion, digrefſed for the purpoſe of introducing theſe 
extracts. 

Having now come to what may be deduced from the 
above obſervation, on comparing it with thoſe of Willi- 


ams, as well as with the general principle of the com- 


munication 
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munication of heat, the following are the reſult: The 
| experiment recited by Williams (appendix No. V.) is, 
that the water being at the ſurface 52 degrees of the 
ſame ſcale of Fahrenheit, and the depth, by ſounding 
46 fathoms, the thermometer introduced into the belly 
of a fiſh indicated a heat of 37 degrees, which might 
probably be conſidered as nearly the degree of the 
warmth of the water at the bottom. The difference 
between it and that at the ſurface are 15 degrees, and 
this was 59. lower than that of the atmoſphere, which 
was at 57% So that whether the bottom abſorbs the 
heat, according to the general principle, or whether 
the air, communicating itſelf more ſlowly in proportion 
as the water is deepened, it ſucceſſively becomes more 
cool : from one of theſe cauſes, or from a combination 
of both, aroſe at 46 fathoms deep, the difference of 
15 degrees, with reſpect to the ſurface, and of 299, 
with reſpect to the air. But in theſe differences ariſe 
a notable diverſity, compared with that reſulting from 
Ellis's obſervation. Becauſe, 


1. The air and the ſuperficies of the water were of 
equal degrees of warmth. 


2. The 3990 feet, which may be ſuppoſed to be near- 
ly 650 fathoms, the difference of the ſuperficies and of 
the air, and the greateſt depth of the water was 31 
degrees. 
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3. From that to 5346 feet, or nearly 890 fathome, 
as far as is aſcertained by Ellis, the heat was the ſame. 


Notwithſtanding, on examining the circumſtances, 
of both obſervations, I mect with no great difficulty in 
reconciling them; and conceive, that the variations may 


be attributed to the ſame cauſes, diverſely combined. 


In that of Williams, the latitude was 44*. 52/. north, 
and the time, the 11th July, in which the atmoſphere 
is leſs warm than at the end of ſummer. That of Ellis, 
was in the middle of the torrid zone, and the time not 
expreſsly determined; and though the date of his letter 
is the 7th of January, which, in chat latitude is one of 
the winter months, yet we collect from the uſe made 
of the cold deep water for bathing and cooling liquors, 
that the ſcaſon was exceedingly hot. This, together 
with the frequent equinoxial calms, and the conſidera- 
ble part of the year during which the ſun continues 
perpendicularly over thoſe climates, muſt produce little 
or no difference in the circumambient air and the ſur- 
face of the water. 


And if in July, and in latitude 449. 5 2“. north, this 
difference was only 5 degrees, it is not extraordinary if 
it ſhould be inſenſible near the line. 


Beſides, the difference in the ſuperficies of the deep 
water, is from 15. to 16. in that of Williams, and 31. 
in 
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in that of Ellis, which is the double of the former, and 
thedepth of the latter fourteen times greater than in the 
obſervation of the other. Hence it appears the reſult 
ſhould be, that the exceſſes of the cold preſerve a due 
proportion to that of the depth, In ſuch caſe the exceſs 
of the heat at the ſurface, beyond that of deep water, 
muſt be fourteen times greater in one obſervation 
than in the other. The water under the line, and 
in the depth of 3900 feet, inſtead of being at 53“. 
above the naught of Fahrenheit, would be 1269. under 
this limit, which is 1269. colder than that produced by 
the mixture of /now and ſal amoniac ; and the mercury 
(were it not prevented from arriving at this depth from 
the water's being much earlier converted into the 
hardeſt ice) would mark that degree. But this point 
might be expected whenever there exiſted a concurrence 
of all the other circumſtances z—and if the waters of 
the ocean were heated by the warmth of the atmoſ- 
phere and the ſun alone, then the diffuſion of this heat 
would decreaſe in the water, in proportion to its depth, 
and in high latitudes and climates conſiderably cold, 
the ſea would always freeze in winter, not only on the 
ſurface, as in rivers, but in its whole depth: This 
being a neceſſary conſequence of the general principle 
in this caſe. But ſuch a caſe does not exiſt : Becauſe, 
although one of the general cauſes of the heat of the 
earth and of the water of the ocean, is the action of 

the 
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the rays of the ſun, which croſs the atmoſphere, there 
is doubtleſs another _ concurring with it, which is the 
internal heat of the globe, ſupported by ſubterraneous 
fires, and the principle of heat put in action, and vari- 
ouſly diſtributed throughout the maſs: And perhaps 
ſome other cauſe, of which we are ignorant. All 
theſe modified in an infinite variety of ways diffuſe the 
heat as much as poſſible through every part, and where 
it meets with oppoſition, or does not ſufficiently per- 
vade the matters to maintain their reſpective fluidity, 
there remain congealed. 


In the caſe of which we treat, 31 degrees of heat, 
diminiſhed from the ſurface to 3900 feet, in a latitude, 
in which, from the reſpeCtive poſition of the ſun, the 
heat of the atmoſphere and of the ſurface was very 
great, -and ſhould vary but little in the equal alternative 
of days and nights; whence the bottom which might 
abſorb it and augment the cold, was very far diſtant, 
accounts, nearly, for the diminution of 15 degrees in 
a latitude of 44”. 52. and wherein by the ſmall depth 
the bottom abſorbed a great part. This diverſity of 
circumſtances manifeſts, ſufficiently, that the cold muſt 
augment in 46 fathoms or 276 feet, in a proportion 
many times greater than that to which it augmented in 
650 fathoms, or 3990 feet. 


The 


OBSERVATIONS. © 5 


The difficulty of explaining the conſtant temperature 
of the water at 53*. from 3900 to 5346 feet, is greater; 
and it cannot be denied that the phenomenon has 
ſomething ſingular in it, in caſe it be aſcertained that 
the thermometer effectively falls to that depth; nor 
ſhall Jattempt to explain it, as nothing could be urged 
but upon general principles. 


However, the above obſervations do not deſtroy the 
experiments and hypotheſis of Williams. For when 
the thermometer is uſed in ſeas immediately under the 
line, the facts muſt be viewed in relation to that poſi- 
tion, which may be very different from thoſe we have 
ſeen in the voyages of that obſerver. In them it 1s 
ſtated, that at ſundry periods of the year the heat of 
the water. on the ſurface and that of the air were dif- 
ferent and proportionate to the influence of the ſeaſon ; 
but the difference between them was reſpeQtively the 
ſame in the ſame latitudes, and always very ſenſibly 


indicated the vicinity of banks and coaſts. 


Under water this difference was inſenſible at the time 
of Ellis's obſervation, in a fea of great depth. What 
this would be in ſeas interſperſed with eminences, banks, 
iſlands and channels, or encompaſſed by the coaſts in 
the ſame latitude, who could decide unleſs he were to 
take experience for his guide ? For the temerity would 
be great to apply to this poſition of the globe that 


which has been obſerved in very diſtant latitudes. 
i For 
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For the ſame reaſon I do not ſpeak of the experi- 
ments of Marſgli, already cited, becauſe, they are not 
circumſtantial, and not having in my hands his hiſtory 
of the ſea, I can form no concluſion upon them; and 
what he does ſay, if it be certain, is that it neceſſarily 
depends on local cauſes, about which one cannot even 
hazard a conjecture. 


Finally, from all that has been ſaid, the reſult on the 
memoir of Williams, is, that the application of the 
thermometer, to navigation, is a happy acceſſion and 
an additional aid, which, from the facility of its uſe, 
it might be expedient to promote, but being in its 
infancy, and hitherto confined to experiments made on 
a contracted ſcale, it would be proper to extend them 
to other climes and ſeas, in order to perfect the ſame, 
ſo far as to notice the deviations, and from them to 
form tables of the reſults, together with rules accom- 
modated to the various ſeaſons of the globe. A ſimilar 
plan was begun on the variation of the needle, whence 
to form charts, which might ſerve for determining, 
nearly, the longitude by the known change. This pro- 
ject, however, being ſupplied with advantage by other 
means, has been abandoned from the deviations obſery- 
ed in the lines of variation, According to the idea of 
Williams, probably this ought not to have happened. 
The facts obſerved in a certain limit of ſea, and lati- 
tude, will always be the ſame, with the ſingle difference, 


ariſing only from the diverſity of ſeaſons. 
| The 
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The celeſtial obſervations, which give the poſition 
of the ſhip, will never give the depth of the water or 
notice of approaching danger from an unknown coaſt. 
In fine, in a matter which is of ſo much importance 
to humanity, the light manifeſted in this memoir 
ſhould be purſued whilſt it remains unobſerved by a 
multiplicity of irregularities, or other obſtacles which 
would render the purſuit impoſſible. 


(Signed) CIPRIANO VIMERCATI, 
Director of the Marine Academies. 


IsLE oF LEON, 20th Dec. 1793. 


' 


A Thermometrical Fournal of the temperature of the at moſ- 
' phere and ſea, on a voyage to and from Oporto, with 
explanatory obſervations thereon. In a letter to Davin 
RrrTExHovuse, L. L. D. Prefident of the American 
Philoſophical Society. 


S1R, 
4. 


2 On the 1 «th of June laſt Capt. William 
Billings of this city, commander of the ſhip Apollo, 
preſented the journals of his voyages to and from Opor- 
to, for the inſpection of the American Philoſophical 
Society. As they were not accompanied by any expla- 
natory memoir, I have extracted from them what alone 
differs from ſea reckoning in general, and incloſe a 
thermometrical journal of the temperature of the atmoſ- 
phere and ſea, which evidently appears to be the object 
of the communication. As it was proper to ſhew that 
theſe obſervations were not imaginary, and had ariſen 
in the courſe of his voyages, Capt. Billings preſented 
his whole journals, conſiſting of 73 pages in folio, with 
all the detail of a log book, which in original are depo- 
ſited among the ſociety's papers.“ 


As 


The temperature of the water was tried ſeveral times every day, but 
in this extract it was thought proper only to notice the important changes 
« ſucceſſion of ſimilar reſults being thought unneeelary. 
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As the experiments of this intelligent navigator, ap- 
pear to be repetitions of thoſe I made near two years 
before, which are related in my memoir, page 11, I beg 
leave to make the following obſervations on them: 


By theſe journals it appears that in June, 1791, the 
water on the coaſt was at the temperature of 61*, by 
Fahrenheit, and in the Gulph ſtream at 77% By my 
journals it will be found that in November, 1789, the 
water on the coaſt was at 479. and in the Gulph ſtream 
at 709. viz. 


By Capt. Billings, By my experiments | fig. between 
79, Juan, e Gr | 1:0 te wang | 
do. ſtream, 77 do ſtream, 70 7 


— —ͤ —-— — 
1 


do. ſtream warmer, 16 | do. ſtream warmer, 23 


Hence it may be concluded that although this differ- 
ence of heat is more remarkable in winter than in ſum- 
mer, yet it is ſufficient at all times to guide navigators, 
ſo as to take the benefit of its current in going from, 
and to avoid its oppoſition in coming to America. In 
the latter caſe, it has this additional convenience in 
correcting a reckoning z for if a navigator can, by this 
means, know the moment he is within the ſtream, he 
knows at the ſame moment his relative ſituation as to the 
coaſt; and if, by repeated experiment, this mode of cor- 


region ſhould be found ſolid, it amounts, in effect, to 
a a 
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2 certainty of the longitude, at the preciſe time when 
it is important to be accurate. 


Capt. Billings's courſe being nearly along the ſtream, 
he found only fuch alteration in the heat of the water as 
may be accounted for by the cooling of the ſtream itſelf, 
in its courſe to the northward, till he came to lat. 39. o. 
N long. 56. 0. W (a-breaſt of the banks of Newſound- 
land) when the mercury fell 10%. Doctor Franklin, in 
November, 1776, on board of the Repriſal, in lat. 41. 
N, long. 46. W, found about the ſame difference; but 
the Repriſal had kept a courſe farther ſouth and came 
into this cool water in a NNE direction; while Captain 
Billings being farther north, came in an eaſterly direc- 
tion, and of courſe might be as much within the influ- 
ence of that chain of banks which extends from the 
longitude 45. W along the American coaſt, as the Re- 
priſal was when ſo much farther to the eaſtward. In 
November 1789, I found the ſame difference in lat. 40. 
N long. 49. W, after ſailing in a direction about NE; 
and a line bcing drawn from the place where Captain 
Billings's change happened, to that where Doctor 
Franklin's thermometer fell, (in a direction about ENE) 
would nearly interſect the place where I obſerved the 
ſame alteration : this is about the ſweep of the banks, 
known by frequent ſounding, as will be ſound by con- 
ſulting the beſt charts. — By the coincidence of theſe 


three journals, at ſo great a diſtance of time, and with- 
| out 
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out any connection with each other, this important 
fact ſeems to be eſtabliſhed. A navigator may diſcover 
his approach towards objefs of danger, when he is at ſuch 
a diſtance as to be able eaſily to avoid them, by attentively 
examining the temperature of the ſea. 


After having paſſed the banks Captain Billings found 
but little difference during 18 days fail, till he came 
near the European coaſt. 'The ſame uniformity appears 
in my journal on a voyage to England, page 23. 


Captain Billings found the water to grow cooler three 
days before he made the land, and the mercury fell gra- 
dually from 65. to 60". when the land appeared; This 
was in June. In November I ſound on approaching the 
Engliſh coaſt a gradual fall from 53. to 48". and then we 
{truck ſoundings. Here the difference between the ſea 
and coaſt water was in both caſes the ſame, though the 
heat of both varied with the ſeaſon. 


Returning ſrom Oporto, Captain Billings marked 
his approach to, and departure from the weſtern iſlands 
by the changes of his thermometer, but in this caſe the 
difference was ſmall; becauſe, owing to the climate 
and ſize of theſe iſlands, the land cannot be ſo cold as 
a northern continent naturally muſt be. Indeed, the 
uſefulneſs of the thermometer ſeems to be applicable to 
the more dangerous ſituations, and not to iſlands in 
warm climates ; I ſhould ſuppoſe, for obvious reaſons, 

that 
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that the changes would not be great about the iſlands 
ſituated between the tropics. The ſhore of theſe iſlands 
is generally bold, and the land being very high, may be 
ſeen at a great diſtance. The climate is not ſubject to 
fogs, ſnow ſtorms, iſlands of ice, long nights, &c. ſo 
that, except hurricanes, (which are more fatal to ſhips 
in port than at ſea) there ſeems to be but little danger in 


ſuch navigation. 


After leaving the weſtern iſlands, Captain Billings 
ſteered to the weſtward, being in nearly the ſame lati- 
tude on the 30th (37%. 47%. N) that he was on the 15th 
of Auguſt. (379. 53. N) But during the intermediate 
time he was driven, as winds prevailed, in a zig zag 
courſe, as far north as 399. 4. N, and as far ſouth as 
359. 26. N. It appears alſo during this time that his 
thermometer varied from 19. to 59. ; but it is to be re- 
marked that there is a medium in his thermometrical 
variations anſwering to the medium of his latitude. 
When he was in 399. 4. the thermometer marked 75. 
and when in 369. 26. it alſo marked 75. but when 
in 389. 12. it marked 52%. Now conſidering that he 
had the warm influence of the Gulph ſtream to the 
northward, and that the ocean water to the ſouthward 
muſt naturally be warmer than that more north, out of 
the ſtream, there ſeems to be a perfect agreement be- 
tween theory and fact with regard to the uſefulneſs of 


the thermometer in diſcovering the courſe of this cur- 
| rent. 
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rent. The ſame thing occurred in the courſe of my 
paſſage in the London packet with Doctor Franklin, 


(ſee Vol. 2, page 329, of the Tranſactions of this Soci- 


ciety) in June 178 5. The mean there was 73, while to 
the northward and ſouthward the thermometer mark- 
ed 77. 


Returning towards the coaſt of America, Captain 
Billings diſcovered his paſſage acroſs the Gulph ſtream 
by a ſudden fall in the mercury of 55. from noon to 
night, and about 5. farther weſt, by a further fall in 
the ſpace of 8 hours run, he diſcovered the coaſt, 
where he got ſoundings, before he ſaw the land. 


The uſefulneſs of the thermometer as a nautical in- 
ſtrument is not confined to the diſcovery of an approach 
towards objects of danger known to exift ; but it may, if 
attended to, diſcover others not at preſent ſuppoſed to 
exiſt, againſt which a navigator cannot be on his guard. 
Several charts, particularly one made by Governor Pow- 
nall, in September, 1787, point out rocks and breakers 
in the middle of the ocean; ſome are ſaid to be uncer- 


tain, others have been ſeen but once, and preſerve the 


names of their ſuppoſed diſcoverers. Theſe facts are 


generally doubted, and by ſome mariners have been 
ridiculed ; but it ſhould be conſidered that in every in- 
ſtance where the diſcovery of theſe hidden danyers have 
been fatal, no one could eſcape to tell the melancholy 

| tale, 
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tale, and ſurely the number of miſſing ſhips juſtifies 
a conjecture that ſuch misfortunes have happencd, and 
ought to influence every navigator to make accurate ob- 
ſervations on the temperature of the ſea during the 
wh:le of his voyage. 


A gentleman of undoubted veracity related to me 
ſome time ſince, the following fact, which I mention 
on account of its aptitude to this ſubject. 


On a voyage from the Weſt-Indies to England, the 
ſmall veſſel he was in, touched at Bermuda. On leav- 
ing that iſland, having fine weather and a ſmooth ſea, 
they ſailed along a ridge of rocks, ſeeing the bottom 
very plainly all the time, till the iſland was out of ſight ; 
in this place they ſpoke a large ſhip, the Captain of 
which, had no idea of his ſituation z he had not noticed 
the bottom, and was failing in full confidence of being 
far from danger. On being defired to look over the 
ſide of his ſhip, the whole crew was in the utmoſt con- 
ſternation, and hove the ſhip too, with all her ſails ſet. 
He was ſoon informed of his true longitude, and took 
a new departure. Had this Captain kept a thermome- 
trical journal he would not, probably, have been ſo 
deceived, and had he at this time been in a gale of 
wind, his error might have been fatal. Every body in 
this city remembers the dreadful cataſtrophe of the ſhip 
Faithful Steward, which was loſt on this coaſt, with 

near 
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near 500 people on board, about ſeven years ſince. 
The Captain was ſo ſure of having ſufficient ſea room, 
that he did not think of ſounding, the weather was 
not boiſterous and had he known his ſituation he might 
have ſtood off during the night. But fearleſs of 3 
danger he did not know, he ſtood on with full fails, 


and was in an inſtant loſt ; I think there were not above 
twenty ſouls ſaved. A thermometer regularly uſed 


would have given warning in time, and probably have 
ſaved theſe lives. | 


The impreſſion ſuch events have made on my mind, 
has induced me to be thus particular, and I the more 
readily do juſtice to the judicious example given to other 
Captains, by Captain Billings, becauſe I think the 6b- 
ſervations of a mariner, are more likely to be attended 
to by mariners, than any inſtruction given by a landſ- 
man. I think beſides; that the merit of Captain Billings; 
ought to be rewarded, by a publication of his laudable 
conduct, that he may enjoy the reputation to which he 
is juſtly entitled. 


I am with great reſpect, Sir, 
Your moſt obedient and I 
Moſt humble Servant, 
JONATHAN WILLIAMS. 


One of the Secretaries of the American Philoſophical Saciety. 
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A Thermometrical Journal of che temperature of the atmoſphere and ſea, 
on a paſſage from Philadelphia to Oporto, in the Ship Apollo. 
By Captain WILLIAM Billings, 


Dates. * Places in at Noon. | Temper. of 
4 ime. — v— — — — : 
1791. Lat. N. Long. W. Air. Water. 
June 6 Sun riſe. 38 56 - 61 
2 P. M. 38 38 74 28 66 
Sun ſet. 65 66 
8 10 A. M. J. 20 
Noon. 37 18 72 34 75 72 
10 Noon. 236.3 68 49 73 77 
11 | Noen. 38 51 . 66 75 
12 Noon. 9 3 63 22 71 7 
I4 Noon. 39 11 56 48 62 
15 Noon. 8 71 65 
July 2 Noon. 40 16 15 34 i 68 6 
3 Noon. GO 5 . 64 
4 Noon. 40 28 . 63 
5 2 P. M. | 68 G1 
7 P. M. þ 60 
8 A. M. | | | $7 
Noon. | 55 
Nor zs. 


June 6. Off Cape Henlopen.—N. B. Ihe thermometer is on Fahren- 
heit's ſcale and the longitude weſt from London —'The days are reckon- 
ed to begin at noon and to end at the ſucceeding noon according to the 


ulage of navigators, 

June 8—10 A. M. Being the firſt alteration in the heat of the 
water after leaving the coaſt, it is ſuppoſed we entered the gulph 
ſtream. The courſe is not acroſs, but rather along tis current, ſome- 
what diagonally however. 


June 10—nvon. It is ſuppoſed we are in the mid of the Gulph ſtream. 


June 14—noon. This ſudden fall of 99. is ſuppoſed to be owing to the 
influence of the banks of Newfoundland which bear about N. 


From the the 15th of June to the ad of July, the variations in the heat 
of the ſca water do not excecd two degrees, they need not therefore 


be noticed. / 
July 4. The water appears to have changed colour. 
July 5—7 P. M. Land in fight, but frequently obſcured by fog, 


July 6—8 A. M. Land diſtant about 6 leagues, Noon, Laud Citant 
about 2 leagues, being the bigh land of Braganea Nora. 


= 2 
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A Thermpmetrical Journal of the temperature of the atmoſphere and fea, 
on a paſſage from Oporto to Philadelphia, in the ſhip Apollo. 
By Captain W1LLIaM BILLINGS. 


| Places in at Noon. Temper, of 
Dates. Time, | P path= £ 
I 79T. Lat. N. | Long. W. Air. Water. 
Aug. 4 10 A.M. 57 
* Noon. 7 9 4 60 
Noon. 40 39 13 69 61 
8 8 A. M. 69 65 
Noon. 40 35 1 69 67 
10 PM. 40 29 20 24 68 68 
5 Naon. 40 24 4 1 69 68 
9 Noon. 1 8 22 49 |. 68 68 
10 Noon. 40 13 22 39 68 68 
11 Noon. 38 42 24 02 69 71 
10 P. M. 70 
Midnight 69 
12 Noon. 13 20 8 72 70 
14 Noon. 38 45 „ 
15 2 P. M. 72 70 
Sun ſet. 72 69 
Sun riſe. 68 
16 2 P. M. 38 24 27 51 73 70 
Sun ſet. 69 
10 P. M. 68 
Midnight 69 
Noon. 37 $3 27 20 73 71 
17 10 P. M. 70 72 
Noon. 88 27 39 73 
18 Noon. 36 36 28 44 73 
19 Noon. 36 9 31 39 73 
20 Noon. 36 26 34 31 74 75 
21 10 P. M. 74 74 
10 A. M. 70 
Noon. | 69 
22 Noon. 38 24 36 48 69 
23 Noon. 38 43 38 49 74 73 
24 10 P. M. 38 43 38 49 | 74 | 73 
Noon. 38 44 41 32 71 
25 Noon. 39 04 44 17 75 
26 Noon. 38 56 46 44 75 
27 Noon. 98 12 50 10 70 
28 Noon. $7 2 51 28 75 
29 Noon. 38 8 52 31 74 74 
30 Noon. 37 47 53 20 74 75 
31 10 P. M. 72 70 
Noon. 39 20 53 20 69 
Sept. I Noon. 40 41 IS... 71 74 
2 Midnight 72 7 
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A Thermometrical Journal of the temperature of the atmoſphere and ſea, 
gn a paſſage from Oporto to Philadelphia, in the ſhip Apolla. 
By Captain WiLL1aM BILLINGS. 


{ Continued. ) 
3 | Places in at Noon. Temp. ot 
1791. : Lat. N. | Long. W. | Air. Water. 
Sept. 2 | Noon, 40 57 | 5s 26 | 70 | 72 
XS Midnight 71 
Noon. 40 56 57 51 70 73 
4 Noon. 39 10 59 18 | 74 | 74 
5 Noon. 39 17 61 11 74 76 
6 | Midnight = 
Noon. 40 6 6g 20 74 7 
7 | Noon. 40 36 3 75 
8 | Noon. 40 1 67 23 | 73 | 77 
9 10 P. M. 71 73 
1 . 72 
2 71 
| Noon, 39 29 3 73 
10 Noon. 39 19 72 8 1 73 | 73 
11 | Noon. 39 4 72 33 | 74 | 7s 
12 Noon. 38 57 73 21 74 | 74 
13 | Noon. 38 53 72 31 74 | 75 
14 Noon. 39 21 73 31 3 
15 6 P. M. 1 . 74 +: 
: | 8A, M, 6 
NoTEs: 


Auguſt 410 A. M. Port barr : bearing ESE diſtant 7 leagues. 


Auguſt 10.— But about half of degree difference of latitude for theſe 5 
days paſt, and little or ng change in the temperature of the ſea. 


Auguſt 11—noon. 1 and & degree ſouthing water 3% warmer.-4 P. 
M. made the iſland St. Michael; iſland, Giſt. 4 leagues; tacked and 
ſtood off.—5 A.M. tacked and Rood to the ſouthwarg. 


Auguſt 15—4 P. M. Made the iſland Tercera, 


Auguſt 16—Sun riſe, Near Tercera, St. George's, and Pico in fight. 
—10 P. M. Cloſe in with St. George's. | | 


Auguſt 17—-noon. Land out of ſight. 
Sept. 6--Midnight, This riſe indicates the Gulph ſtream. 


Sept. 9—10 P. M. This fall indicates the weſtern fide of the Gulph 
ftream. | ; 


Sept: 15--8 A. M. Seunded in 25 fathoms. 


DIRECTIONS 


TOR 


USING 


THE THERMOMETER 


1N 


NAVIGATION, 


Miſcellaneous Remarks. 


To all Naval Commanders. 


— 2 —— 


Diligence and Attention are the parents of good luck. 


ADVERTISEMENT. 


— e_— - 


> THE writer means to ſpeak to ALL Navigators ;. it 
is boped therefore, that thoſe who find the following 
directions unneceſſary, will pardon the repetition of what 
they well underſtand, in conſideration for thoſe who may 
not be ſo well informed. 


DIRECTIONS TO NAVIGATORS. 


Taxx with you at leaſt three thermometers, for 
fear of accidents. Let them be kept in one place ſome 
days previous to your ſailing, in order to try their uni- 
formity. The plate ſhould be of ivory or metal, for 
wood will ſwell at ſea, and as the glaſs tube will not 
yield, it is for this reaſon very liable to break; bell me- 
tal is the beſt. Let the inſtrument be fixed in a ſquare 
metal box, the bottom of which, as high as the mark 30”. 
ſhould be water tight, ſo that in examining the degree 
of heat, the ball may be kept in the water; the remain- 
der of the length ſhould be open in front, with only two 
or three croſs bars to ward off any accidental blow, like 
the thermometer uſed by brewers. Fix one inſtrument 
in ſome part of the {hip in the ſhade, and in open air; 
but as much out of the wind, and in as dry a place as 
poſſible. The after part of one of the after ſtaunchions, 


under the quarter rail may anſwer, if no better place cau 
be found. 


Let the ſecond inſtrument be neatly flung with a ſuf- 
ficiency of line to allow it to tow in the dead water of 


the wake. 


Put 
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Put the third away fafely in your cheſt, to be ready 
to ſupply the place of either of the others. 


When you make your obſervations, begin by noting 
the ſtate of the air from the inſtrument on deck. Throw 
the other out of the cabin window, and let it tow two 
or three minutes, then draw it up and examine it the 
inſtant you can bring it to your eye, with the ball i ir: 
water, and note the degree: This is a neceſſary precau- 
tion for the mercury will ſoon fall when the thermome- 
ter is wet, eſpecially if expoſed to any wind. When 
you examine the water at night take care not to heat 
the inſtrument by a candle which ſhould be always in a 
lantern; do not touch the tube, nor breathe upon it, 
while you examine it; leaſt you ſhould communicate 
heat by the touch, or take it away by cauſing an evapo- 
ration, which is the effect of blowing upon a wet ther- 
mometer. 


Endeavour to make all your experiments in an uniform 
manner, do not try the water one day out of the cabin 
windows, another over the fide, or in a bucket ; but 
keep to one ſteady rule; it is not ſo material which way 
you do it, as it is to do it always the ſame way. Ifa 
bucket be uſed let it tow long enough to take away 
its heat, for the cook may have had it full of hot 
water. 


Pay 
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Pay conſtant attention to the changes in the tempera- 
ture of the air, and compare them daily with the changes 
in that of the water. This will account to you for the 
alterations on the ſurface of the ſea, (eſpecially in calm 
weather) which naturally follow the alterations in the in- 
cumbent atmoſphere: The difference between deep 
water and ſoundings will, under the ſame temperature 
of the atmoſphere, ſtill be the ſame. If, when in open 
fea, you ſhould perceive a ſmall change in the water, 
without being able to account for it by an alteration of 
latitude, or of the weather, you may ſuſpect a current 
from the northward if colder, from the ſouthward if 
warmer; and as circumſtances may permit, you will do 


* 


well to aſcertain it. 


Compare your obſervations from time to time with 
thoſe mentioned in the journals and noted on the chart, 
and if you find any difference when in the ſame ſitua- 
tion, repeat your experiments, ſo as to be ſure that the 


error is not on your fide. 


Although it is not pretended to give accurate ace 
counts, from the few experiments that have been made, 
it is preſumed that the following will be found near the 


truth. 


On the COAST F EUROPE. 
From the channel of England to the Tagus it will be 


generally found, that the water over ſoundings is about 
L 5 three 
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three degrees colder than at ſea. And that the firſt ſymp- 
tom of ſoundings is at a great diſtance from the land, for 
the coaſt (unlike that of America) approaches from an 
imperceptible depth to ſoundings ſo gradually that it is 
not eaſy to ſay when you can get the ground. But were 
you to approach the rocks of Scilly, weſtern coaſt of Ire- 
land, Orkneys, &c. the alteration would probably be 
ſudden and very decifive. 4 23 MH 


On the COAST if NORTH AMERICA. 

At the edge of the Grand bank the water is 5 degrees 
colder than the deep ocean to the eaſtward. The high- 
eſt part of the Grand bank is 10, colder ſtill, or 15. 
elder than the ocean eaſtward. 


As the banks deepen between them and the coaſt of 
Nova Scotia, the water grows about G. warmer till you 
get quite within them, when it riſes to about the tempe- 
rature of the deep ocean without; on ſoundings the 
mercury will again fall to the temperature of the inner 
banks. So that in coming from the caſtward a fall of 
8. will indicate your entrance on the edge of the Grand 
bank,” and a further fall of 10% will indicate your being 
in ſoundings. Paſſing the ſummit of the banks a riſe of 
6˙. will ſhow the weſtern edge of the Grand bank, and a 
further riſe to the temperature of the deep ocean with- 
out will indicate the deep water within the banks. 
When the mercury falls again to the temperature of the 


inner banks, you ſtrike ſoundings on the coaſt of Nova 
Scotia. 


An 
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An important obſervation occurs here. The iſle of 
Sable is a little bank of ſand above water, which receives 
heat readily from a hot ſun and communicates it rapidly 
to the ſhoals under water, upon the principle mentioned 
as to land-locked places. If therefore you come too near 
that iſland in hot weather the thermometer will proba» 
bly vary from theſe rules, in that caſe you may get 
bottom. If however, the previous obſervations are wel] 
made, you need not be in danger, for you can by your 
meridian altitude, ſhape your courſe as far to the north- 


ward or ſouthward as you chooſe. 


On the coaſt of New England off Cape Cod, the wa- 
ter out of ſoundings is 80. or 10%. warmer than in ſound- 
ings, and in the ſtream it is about 87, warmer ſtill: So 
chat in coming from the eaſtward a fall of 8 degrees, 
will indicate your leaving the ſtream, and a further fall 
of 8 degrees, will indicate your being on ſoundings. 


On the coaſt from Cape Henlopen to Cape Henry, 
the water out of ſoundings is 5 degrees warmer than in 
foundings, and in the ſtream about 5 degrees warmer 
ſtill: So that in coming from the eaſtward a falfof 6 
degrees will indicate your leaving the ſtream, and a 
further fall of 5 degrees will give notice of ſoundiugs. 


By this ſort of compariſon a Navigator may readily 
aſcertain when he leaves the ſtream and enters on 
| + Þ- foundings. 


72 MARITIME 


ſoundings. It is not preſumed to ſpeak poſitively as to 
the degrees, except where it has been proved by ex- 
periment. 


A ſhort time ſince, the writer met with an excellent 
meteorological work, entitled © An eſtimate of the 
temperature of different latitudes.” By Richard Kir- 
wan, Eſq. F. R. 8. a celebrated Engliſh philoſopher, 
who has enriched the fund of ſcience with ſeveral uſe- 
ful works. It is difficult to make an extract from this 
book without injury, becauſe the whole is ſo intereſt- 
ing, that to do it juſtice all ſnould be read. 


The note D is ſubjoined to ſhew how neceſſary it is 
to combine a knowledge of the ſea with that of the 
atmoſphere, and to ſimulate Navigators to make nu- 
merous and accurate obſervations. 


On CURRENTS, Oe. 

As to the courſe of the ſtream, its eddy and other 
currents in the Atlantic ocean, it is proper to quote the 
teſtimony of others, before concluſions are preſumed 
to be drawn from the writer's own obſervations. To 
place theſe in a clear point of view, arrows are made on 
the chart indicating the names of the obſervers. Thus 
the arrows L mark the currents deſcribed in the ex- 
tracts of a journal kept on board the Britiſh ſhip of war 
Liverpool, in the appendix, page 35. The arrows T 
mark the eddy within the Gulph ſtream, mentioned by 

Capt, 
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Capt. Truxton in the ſubjoined note A. The arrows 
G mark the currents obſerved by Sir Eraſmus Gower of 
the Britiſh ſhip of war Lion, according to the notes B 
and C; and the arrows M mark the currents obſerved by 
Capt. Mackintoſh of the Engliſh Eaſt India company's 
ſhip Hindoſtan, according to note C. 'The other arrows 
are taken from the obſervations mentioned in the fore- 
going journals with the concurrence of the Captains on 
board of whoſe ſhips they were made. 


With this teſtimony before us, and with the autho- 
rity of DoCtor Franklin for the accumulation of water 
by the power of ſteady and uniform winds, let us turn 


our attention to the tropical regions. 


The diurnal revolution of the globe, would naturally 
cauſe an apparent current of air from the eaſtward, if 
there were no other cauſe, for the atmoſphere nor 
being abſolutely confined to the ſurface, does not ſo 
immediately partake of that motion. This is more 
ſenſible about the equator, not only becauſe it being 
the largeſt circle the diurnal motion is greater there, 
but the various cauſes of wind in every direction do 
not exiſt ſo ſtrongly in the torrid, as in the temperate 
and frigid zones. But there conſtantly exiſts a cauſe 
of wind from the north on one fide, and from the 
ſouth on the other fide of the line where the ſun is ver- 


tical, owing to the rarifaQtion of the air by heat, which 
the 
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the air from the northern and ſouthern regions is con- 
ſtantly ruſhing in to ſupply. It is a fact well known to 
all Navigators, that the ſouthern trade winds are com- 
poſed of ſouthern and eaſtern breezes; and the north- 
ern trade winds are compoſed of northern and eaſtern 
breezes; when thoſe are of equal ſtrength, the wind 
blows exactly NE on one fide, and 8E on the other 
ſide of the before mentioned line. But at all times it 
blows between theſe points, except in caſe of a tornado 
or hurricane: Theſe winds according to Doctor Frank- 
lin's obſervations, force the water into the oulph of 
Florida, which ifluing thence round the cape and 
through the Bahama iſlands, make our Gulph ſtream. 


This water ſo driven from the eaſtward acroſs the 
Atlantic to the gulph of Florida, muſt leave a vacancy 
for other water to be conſtantly coming in to ſupply its 
place. Do we not therefore find that the ſouthern 
currents marked by Sir Eraſmus Gower, Capt. Mackin- 
toſh and others, are a perfectly natural and infallible 


conſequence of the foregoing theory. 


It may not be amiſs in this place to note the conſtant 
current into the Mediterranean. Why, it may be aſked, 
is there not a reflux from that ſea upon the ſame prin- 
ciple as we find a reflux from the gulph of Florida ? 
This apparent phenomenon becomes, from ſelf-evi- 


dent principles, a natural event, when we conſider the 
| following 
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following facts. The climate of the Mediterranean ſea 
muſt occaſion great evaporation from its ſurface ; the 
prevailing winds, from the cauſes inſtanced in the the- 
ory of the trade winds, muſt carry this evaporation over 
the African high lands, where it ſerves to form thoſe 
rainy ſeaſons for which that country is ſo remarkable, 
and runs into other ſeas; ſome indeed is returned by 
the Nile, but this is too ſmall a quantity to ſupply the 
waſte, for that is the only great river in the whole of 
its ſouthern and eaſtern borders. The evaporation that 
may occaſionally. be directed eaſtward and ſouthward, 
when it falls in rain, forms rivers which are loſt in the 
Perſian gulph or the Red ſea, while the rivers on the 
northern fide of the Mediterranean only ſupply the eva- 
poration of the gulphs, bays, &c. into which they run; 
and the Black ſea and Archipelago have occaſion for all 
thewater that runs into them to ſupply their own eva- 
poration. Hence the Mediterranean muſt have a con- 
ſtant ſupply from the Atlantic to keep up its level with 
that ocean, and hence there is a conſtant current run- 
ning into it. The gulph of Florida on the contrary re- 
ceives from our weſtern mountains an immenſe quantity 
of water by means of the Miſſiſſippi and other rivers, 
which more than ſupply its evaporation, and make the 
ſtream ſo much the ſtronger. 


Little need be ſaid about the eddy current, becauſe 
every man who has rowed along ſhore in a river, or is 
in any reſpect acquainted with the tides muſt underſtand 


it, 
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it, and that ſuch an eddy exiſts in the Gulph ſtream, is 
proved by Capt. Truxton's obſervations in the note A,and 
the inſtances mentioned inthe foregoing memoirs of ſhips 
being farther a-head than they were ſuppoſed by reckon- 
ing to be. When the ſtream has paſſed the banks of 
Newfoundland there is no other obſtacle to check its 
courſe, it therefore naturally ſpreads itſelf in ſuch di- 
rections as tend to the common level: We have already 
feen, that in a direction from the weſtern iſlands to the 
Canaries there is a conſtant current; and muſt not 
that invite other water from the northward and weſt- 
ward of it to ſupply its place? May we not hence 
conclude that the Gulph ſtream makes a ſweep in the 
direction deſcribed, only loſing its name of ſtream, as 
it alſo loſes (on the north fide at leaſt) its diſtinctive 
quality of heat : Indeed it is probable that as it turns to 
the ſouthward into warmer water, it may be diſcovered 
by its want of heat, incompariſon to the waters of ſouth- 
ern climates, until the equilibriym of heat is reſtored. 


The currents ſo common among the Weſt India 
iſlands are probably the termination of the ſweep of 
currents juſt deſcribed ; and when the gulph of Florida 
diſgorges the water, it again becomes the Gulph ſtream. 
The importance of knowing how near to the coaſt a 
ſhip may venture, and how to diſtinguiſh the Gulph 
ſtream from the water between it and the coaſt is im- 


menſe when applied to our coaſting trade; for by this 
advantage 
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advantage we can be ſure of a favorable current either 
way, and a ſmall veſſel might make a ſhort voyage. 
from Halifax to Georgia, which is thought by ſome 
a longer one than to Europe. Suppoſe you had 
the wind a-head all the way. Take your departure 
and ſtand for the ſtream ; as foon as you find the water 
to increaſe in heat about half as much as you know it 
would when in the tream; heave about and ſtand for 
the coaſt, you will infallibly difcover the edge of ſound- 
ings by the cooling of the water; then ſtand off again, 
and ſo on to the end of the voyage, when it is almoſt | 
certain that the diſtance would be run in a ſhorter time 
than if there were no ſtream; for you would have z 
favorable inſide or eddy current. On the return paſſage, 
take your departure and run off till you get into the 
hotteft water, which will be the middle of the ſtream, 
and take the advantage of its current. a 


The following fact may ſerve to illuſtrate the pro- 
priety of theſe directions: In June laſt the mail packet 
for Charleſton had twenty-five days paſſage in going, 
but returned in ſeven. The Captain accounted for this 
by having calms, or very light airs, and a northerly cur- 
rent. This was the true cauſe. He was in the middle 
of the ſtream, where there generally are calms or light 
airs: The edges only, which come in contact with cold- 
er regions, being tempeſtuous. After being in the lati- 
tude of Cape Hatteras, he found himſelf in that of Cape 
Henry. The veſſel however, got there at laſt; and 
on the return voyage the Captain ſteered the ſame 

M courſe 
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courſe back again, and with the ſame light airs he 
performed the voyage in ſeven days. Had this Cap- 
tain known the uſe of the thermometer, need he have 
been much longer in going than in coming ? 


A ſafe coaſting trade is at all times an object for this 
country, but in war time tho benefit is immenſe. We 
might convey ſupplies from one end to the other of our 
coaſt, by keeping juſt on the edge of ſoundings, where 
(always knowing the true bearings and diſtances of the 
land, which a foreign enemy might not know) our vel- 
ſels could by ſteering for the land, put an end to a chace 
which through fear of danger, an enemy would probably 


be obliged to abandon. 
| JONATHAN WILLIAMS. 


NOTES, 


Extract from Truxton's Remarks, Tnflrufions, and 
| Examples. | | 


7 Tur direction or courſe of the Florida Gulph ſtream 
may alſo he relied on, as I often tried its rate of going, 
by anchoring a boat in a calm (with a rope made faſt 
to an iron pot, the rope from 150 to 200 fathoms in 
length, and the pot from 18 to 25 inches in diameter, 
according to the ſize of the boat) and heaving the log, 
whereby its rate of going was aſcertained, and found to 
be ſeldom leſs than one knot, and never more than two 
knots and a half per hour; that is to the northward of 
Cape Hatteras but to the ſouthward and weſtward of 
that Cape, it no doubt often runs much ſtronger; and 
the nearer the channel between Florida and the Bahamas, 
the ſtronger of courſe. The width of this ſtream J have 
fixed alſo, by trying the current; and, when opportu- 
nities offered, in paſſing or repaſſing it, by making ob- 
ſervations of the heavenly bodies : Add to which, I have 
been attentive in aſcertaining the temperature of the 
water, and comparing it with that of the air, as recom- 


mended 
* See Truxton's chart. Bs | 
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mended by that great philoſopher, the late Dr. Frank- 
lin.. The temperature of the air and water, without 
the ſtream, is generally about the ſame; that is, the 
difference ſeldom exceeds two or three degrees: Some- 
times the air is the warmeſt; at other times the water.” 
"41 bh 8 f 

* In the ſtream, the water is always much warmer 
than the air: indeed, I have known it ten degrees 
warmer; but ſo ſoon as you get within the ſtream, the 
water becomes colder than the air; and the more ſo, as 
you get on ſoundings, ahd approach the ſhore. If 
mariners, who have not the opportunity of determining 
their longitude by celeſtial obſervations, will only carry 
with them a good thermometer, and try the tempera- 
ture of the water, and compare it with that of the air 
every two hours, they may always know when they 
come into, or go out of, the Gulph ſtream : Indeed, I 
always made a practice, when at ſea, of comparing the 
temperature of the air and water daily, and often very 
frequently throughout the day during my voyage; 
whereby I immediately diſcovered any thing of a current 
that was going, and afterwards found its ſtrength and 
direction by obſervations for the latitude and longitude. 


It is of the utmoſt conſequenee, in making 4 paſſage to 
and 


I The reader will perceive by the foregoing obſervations, that beſides 
the compariſon of the temperature of the air, with that of the water, it 
is proper to * the heat of the water in different places one with 
another, 
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and from Europe, to be acquainted with this Gulph 
ſtream; as by keeping in it, when bound eaſtward, 
you ſhorten your voyage; and by avoiding it when re- 
turning to the weſtward, you facilitate it inconceivably; 
ſo much ſo, that I have frequently when bound from 
Europe to this country, ſpoke European ſhips, unac- 
quainted with the ſtrength and extent of it, off the 
banks of Newfoundland, and been in port a very conſi- 
derable time before them, by keeping out of the ſtream ; 
whereas they lengthened their paſſage-by keeping in it. 
The general courſe of the Gulph ſtream being marked 
on the chart, I would adviſe thoſe who make the north» 
ern paſſage from Europe, never to come nearer the inner 
line of it by choice than 10 or 15 leagues; and then the 
probability will be, that their paſſage will be aſſiſted by 
the help of a counter current, which often runs within 
it. In coming off a voyage from the ſouthward, be 
fure to ſteer NW when approaching the ſtream, if the 
wind will permit you, and continue that courſe until 
you are within it, which may be eaſily known by the 
temperature of the water, as before mentioned. I have 
always conſidered it of the utmoſt conſequence when 
bound in, to croſs the Gulph ſtream as ſpeedily as poſ- 
ſible, leſt I ſhould be viſited by calms or adverſe winds, 
and by that means drove far out of my way, which 
would prolong the voyage en, eſpecially in 
the winter ſeaſon,” 


B. 
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Extra? from Sir George Staunton's account of an Embaſſy 
i China. 2 1, Eng. Ed. p. 88. Amer. Ed. p. 31. 


"rar Eraſmus Gower obſerved that all ſhips bound 
from Europe for the iſland of Madeira, will diſcover 
that their way is influenced by a current or ſet, from 
the weſtern ocean into the bay, formed between Uſhant 
and Cape Finiſtere, and into the Mediterranean ; - and 
as well as his obſervations in five viſits to Madeira could 
enable him to aſcertain, ſuch current ſhould be efti- 
mated to ſet 8E about 11 miles in 50 leagues.” 


C. 


Extra#? from Staunton's Embaſſy. Vol. 1, Eng. Ed. p. $8. 
Amer. Ed. p. 45. 


cc 1. 
SIR Eraſmus Gower obſerved in proceeding to Te- 
neriffe a conſtant current ſetting to the ſouthward, at the 


rate of a mile an hour, equal to 22 miles in the diſtance 
between that iſland and Madeira.” 


* Captain Mackintoſh of the Hindoſtan, who had 
made twenty paſſages in this route, generally experlenced 
a current from the 3th degree of latitude to that of the 


Canaries. 


© 
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Canaries. In this part of the ocean he formerly ſound 
from repeated and accurate obſervations, that this cur- 
rent ſet 3 degrees 50 minutes ESE. He found it 
ſtrongeſt oppoſite to the entrance into the Mediterranean 
or ſtraits of Gibralter; and in one voyage the current 
was computed by his time keeper to ſet about 40 miles 
a-day. This current inclines more ſoutherly as it 
approaches the Canaries. It ſtrikes on the coaſt of Bar- 
bary and takes about Cape Bojador, different and oppo- 
ſite directions, near in ſhore one part running to the 
northward towards the Mediterranean, and the other 
to the ſouthward along the coaſt towards the equator.” 


— 2 


D. 
Extrafts from Kirwan's Eflimate of the Temperature of 
different Latitudes. 


cc | 

Wr may obſerve, that the heat and cold of different 
countries are tranſmitted from one to the other by the 
medium of winds. How the air of a cold country is 
determined to flow towards a warmer, is eaſily under- 
ſtood; but by what means warm air is determined to 
flow towards cold countries, is ſomewhat difficult to 
explain. I ſhall here mention three cauſes that occur 
to me, wiſhing for a fuller explanation from others.” 


« Firſt, if a ſtrong northerly wind prevails in the 
direQtion of the meridian oppoſite to London, as in 
| the 
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the country of the Tſchutſchi, in the eaſtern extre- 
mity of Aſia, this current muſt be ſupplied by air from 
the North Pole ; and this in its turn by air ſouth of the 
Pole in the direction of the meridian of London.” 


&« 2dly. If from any tract in the upper regions of the 
atmoſphere, two currents of air flow in oppoſite direc- 
tions, as ſometimes happens, the inferior air being leſs 
compreſſed, will become ſpecifically lighter ; and cur- 
rents of air in oppoſite directions to the upper currents, 
will take place.” f 


% 3dly. I conceive that when eaſterly and weſterly 
winds meet with unequal force, one of them may be 
reflected northwards.” 


* SOME ſituations are better fitted to receive or 
communicate heat than other ſituations ; thus high and 
mountainous ſituations being nearer to the ſource of 
cold, muſt be colder than lower ſituations; and coun- 
tries covered with woods, as they prevent the acceſs of 
the ſun's rays to the earth, or to the heaps of ſnow 
which they may conceal, and preſent more numerous 
evaporating ſurfaces, muſt be colder than open countries, 
though ſituated in the ſame latitude ;z and fince all tracts 
of land preſent infinite varieties of fituation, uniform re- 
ſults cannot here be expected. It remains then, that 
we ſeek for a ſtandard lituation, . with whoſe tempera- 
ture in every latitude we may compare and appreciate 
the temperature of all other fituations in the ſame lati- 

tudes, 
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tudes, on water only. Now the globe contains, pro- 
perly ſpeaking, but two great tracts of water, or 
oceans: one, the Atlantic, ſeparating Europe and 
the weſtern ſide of the old continent from America; 
and the other, the Pacific, dividing Aſia from America ; 
both of which I divide into north and ſouth, as they 
lie on the northern or ſouthern fide of the equator,” 


« In this immenſe tract of water I choſe that ſituation 
for a ſtandard, which recommends itſelf moſt by its 
ſimplicity and freedom from any but the moſt perma- 
nent cauſes of alteration, viz. that part of the Atlan- 
tic that lies between the 8oth degree of northern and 
the 45th of ſouthern latitude, and extending weſtwards 
as far as the Gulph ſtream,* and to within a few leagues 
of the coaſt of America; and all that part of the Paci- 
fic ocean, reaching from lat. 45% N to lat. 400. 8, 
from the 20th to the 275th degree of lougitude, eaſt 
of London, which is by far the greater part of the 
ſurface of the whole globe. Within this ſpace it will 
be found that the mean annual temperature is, as ex- 
preſſed in the following table. I have added the tem- 
perature of latitudes beyond 80 degrees in the northern 
hemiſphere, though not ſtrictly within the ſtandard.” 
A N «TABLE 
Dr. Blagden, in an ingenious paper in the Philoſoph. Tranſ. for 


178t, has ſhewn that the temperature of this ſtream is conſiderably 
greater than that of the adjacent part of the Atlantic. f 


+ It was before diſcovered by Dr, Franklin, ſee journal on board of the Penn« 
Sylvania Packet, Capt. Oſborne, in 1775, and en board of the Repriſal, Captain 
Wicks, in 1776. 


— > RSS — — 
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* 74 BLZ of the Mean Annual Temperature of the 
Standard ſituation, in every Latitude. 


Lat. Temp. Lat. Temp. Lat. Temp. 
go 31 | 61 435 32 69,1 
389 31,04 60 443 | 31 0999 
88 31,10 59 4509 39 70,7 
. 87 31,14 58 45,8 29 71, 5 
86 31,2 57 46,7 28 72,3 
85 31,4 56 47.5 27 72,8 
84 31,5 55 48, 4 26 73,8 
83 31,7 54 49,2 25 745 
\ B2 32 53 50,2 24 75,4 
81 32,2 | 52 51,1 23 7599 
80 32,6 51 52,4 22 76, 5 
79 32,9 $0 329 21 772 
78 33,2 49 53,8 20 7778 
77 33,7 48 54,7 19 78, 3 
76 34, 1 47 55,6 18 78,9 
75 34, 45 56,4 17 79,4 
74 35 45 5755 16 799 
73 35,5 44 58,4 15 80,4 
72 36 43 59,4 14 80,8 
71 36,6 42 60, 3 13 81,3 
70 37,2 41 61,2 12 81,7 
69 37,8 40 62 11 82 
68 38,4 39 63 10 8253 
67 39,1 38 63.9 9 82,7 
66 3997 37 64,8 8 829 
65 40, 4 36 65,7 7 93,2 
64 41,2 35 66,6 6 83,4 
63 41, 34 67,4 5 83,6 
52 42,7 23 68,3 o 84” 
ct WITH 
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« WITH reſpect to the annual temperature, we may 
remark: 1ſt. That within 10 degrees of the poles the 
temperatures differ very little z neither do they differ 
much within 10 degrees of the equator.” 


te 2dly. The temperature of different years differ very 


* . * 7 


little near the equator, but they differ more and more, 
as the latitudes approach the poles.“ 


6 3dly. It ſcarce ever freezes in latitudes under 35. 


pnleſs in very elevated ſituations, and it ſcarce ever 
hails in latitudes higher than 600.5 oy 


te 4thly. Between latitudes 35. and 609. in places 
adjacent to the ſea, it generally thaws when the ſun's 
altitude is 40. and ſeldom begins to freeze, until the 
ſun's meridian altitude is below 40%. “ 


« IN every latitude, the mean temperature of the | 


month of April, ſeems to approach very nęarly, to the 
mean annual heat of that latitude ; and, as far as heat 
depends on the action of the ſolar rays, the mean heat 
of every month, is as the mean altitude of the ſyn, or 
rather, as the ſine of the ſun's mean altitude during that 
month.” | l 

* Hence the mean heat of April, and the fines of 
the ſun's altitude being given, I find the mean heat of 


May, by this analogy. As the ſine of the ſun's mean 
altitude in April, is to the mean heat of April, ſo is 


9 Vet. Com. Petrob, 


the 


; 
4 
b 
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the ſine of the ſun's mean altitude in May, to the 
mean heat of May. In this manner, I find the tem- 
peratures of June, July and Auguſt :. But this rule 
would give the temperatures of the ſucceeding months 
much too low; becauſe, it does not comprehend the 
quantity of heat accruing to the atmoſphere by com- 
munication of the internal heat of the globe, which in 
every latitude is nearly the ſame, as the meap annual 
heat of that latitude. Hence, the real temperature 
of theſe months, muſt be looked upon as an arithme- 
tical mean, between the aſtronomical, and terreſtrial 
heats. Thus, in lat. 519. the aſtronomical heat of the 
month of September, is 44%. 66, and the mean annu- 


al heat is 52%. 4; therefore, the real mean heat of this 
44,0 4 524, 
be — 


month, ſhould = 48,4, which is more 


conformable to obſervation.” 


e It may indeed be ſaid, that not only the ſun's alti- 
. tude in every month, but alſo the duration of its light 
over the horizon, ſhould be taken into conſideration, 
And, without doubt, this, and ſome other circum- 
ſtances taken into account by Mr. De Mairan, ſhould 
not have been omitted by me, if all the circumſtances 
productive of cold, could alſo be ſubjected to calcula- 
tion; but ſome of theſe can no way be eſtimated ; for 
inſtance, the cold produced by evaporation ; therefore, 
by way of compenſation, ſome of thoſe productive of 
heat, ſhould alſo be omitted ; and in effect, the ap- 
proximation of the calculated, to the real heat, is 

| much 
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much greater when this element is left out. Thus the 
temperature of June in lat. 519. including this circum- 
tance, is 909. z whereas, in fact, the mean heat of 
June, in London, is only 63. nor does it exceed 660. 
even at Paris, lat. 48. 50. However, after going 
through a tedious calculation, I ſtill found the reſults 
to agree but ill with olffervation; and therefore, the 


enſuing table, is not to be looked upon as deduced 


from fixed principles, hut rather partly from princi- 
ples, and partly from what appeared to me, after 
ſtudying a variety of ſea journals, moſt conformable to 
obſervation. And, as a table of the mean monthly 
temperatures of different latitudes at fea, can never be 
had by obſervation, I flatter myſelf that ſuch a table 
as this, made as correct as the nature of things will 


allow, may in ſome meaſure ſupply its place.” 
| pe | 


« From this Table we may learn, 


iſt, To find the mean heat of the firſt, and laſt half 


of any month.“ 


5 Find the mean. betwixt the ſtandard beat of any 
month, and the ſtandard heat, of the ſucceeding z this 
will be the mean of the laſt fifteen days of the preced- 
ing, and the firſt fourteen, or fifteen days of the ſuc- 
ceeding month.” 


% 2dly. To find the uſual extremes whether of heat, 


or of cold, that take place in any month.” 


« Find 


| 


ö 
\ 
| 
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© Find the difference of the monthly and annual 
temperatures; this difference added to the monthly tem- 
perature, gives the temperature of the hotteſt day, that 
is uſually found in any month; or being ſubtrafed 
gives the coldeſt day, uſually obſerved within the 
month: By day, I mean the ſpace of twenty-four hours. 
Thus in London, the annual temperature being 5 2%. and 
the temperature of January 369. the difference is 16, 
conſequently the warmeſt day in January is 52. and 
the coldeſt 209,” ; 


The greateſt cold within the twenty-four hours, 
generally happens half an hour before ſun riſe, in all 
latitudes. The greateſt heat in all latitudes between 
60. and 45. is found about half paſt two o'clock in 
the afternoon; between lat. 45% and 350. at two 
o'clock ; between lat. 35. and 259. at half paſt one; 
and between lat. 259. and the equator, at one o'clock.” 


© On ſea, the difference between the heat of day 
and night, is not ſo great as on land, particularly in 
low latitudes.” 


&« The coldeſt weather in all climates, generally 
prevails about the middle of January, and the warmeſt 
in July, though, aſtronomically ſpeaking, the greateſt 
cold ſhould be felt at the latter end of December, and 
the greateſt heat in the latter end of June; but the 
earth requires ſome time to take, or to loſe the influ- 
ence of the ſun, in the ſame manner as the ſea with 


reſpect to tides, does that of the moon.“ 
« TABLE 
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TO + Heat at the 
N. lat. | Surface. 
70% May 12 365 
WG! 37 
June 9 44 
F 
68? 1 
650 0 
FOG 52” 
27” Jan. 3 64 
© 84 


Phil. Tr. 1770, p. 39. 


2 Bergm. Erde Kugel, p. 119. 


1 Phil. Tr. 1752, p. 213. 


Depth. 
Feet. 


$02 
340 
558 
420 
1560 
1280 
846 
540 


3600 & 
5346 


5 534 


« But Lord Mulgrave found the temperature of the 


ſea, at great depths, in high latitudes, much colder 


he does not indeed mention, the temperature of the 


ſurface, but it is preſumed, it did not differ much from 


that of the air; perhaps the reaſon was, that the 


newly melted ice, had then deſcended, though the firſt 
experiment cannot be explained, even on that hypo- 


theſis. | 

Lat. N. Heat of Air. Depth. Heat of the Sea. 
672 June 20 48˙ 4680 26 
78 C0 30 40˙.5 708 31” 
69® Aug. 31 59%s5 4038 32” 


Obſervation? 
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Obſervations of Meſſts. Wales and Bayley. 


Depth. Heat of* 
Cat. : Air. Surſace. — — 
o Sept. 5 75˙5 74* cio 600 
24 8 1 at 96 


34,44 Oct. 11 60".5 59“ 600 57 


Obſervations of Mr. Bladh.“ 


57 N fan. 8 46? oy” 6 40 
210 43% 43% 50 436 


55% 40 47 4 110 51% 

39'-30 111 

2,68 Feb. 23 8 . 
20. 50 rr 


Suenſk. Handling. 1781. 


E. 


Is the foregoing extract it is ſaid that in lat. 679. at 
the depth of 4680 feet, Lord Mulgrave found the tem- 
perature of the ſea water at 26%. which is 69. below the 
freezing point. This is a ſeeming contradiction. But 
it may be conſidered that 329. is the point of the flight- 
eſt congellation in river water. Sea water freezes with | 
more' difficulty becauſe the ſalt muſt firſt be ſeparated, 
for at the ſurface all ice is freſh. 


The hypotheſis intimated in the introduction to this 
work proceeds upon the principle, that although the ice 


formed at the ſurface of the fea is always freſh, yet a 
degree 


NOTES. 97 


degree of cold may happen which would make ſalt ices 
or, in other words, a degree of cold may occur which 
would precipitate the ſalt, and combine it with 
ice, We know that the Academicians at Peterſ- 
burg, in 1759, by means of ſnow and nitre reduced 
the mercury in a thermometer to a ſolid ſtate, which 
bore, the compreſſion of the hammer. What fluid 
could refiſt congellation longer than mercury? Hence, 
by the conjecture that the bottom of the ſea is ice, it 
is intended to convey an idea of much colder ice, than 
ſuch as our winters produce. 
| — — 


F. 


Mrrnop of comparing Fahrenheit's thermometer 
with that of Reaumer, fo that either inſtrument may 
anſwer for nautical uſe. 


N. B. The freezing point by Fahrenheit's ſcale is 
329. by Reaumer's it is o. 


It requires nine degrees on Fahrenheit's ſcale to make 
four on Reaumer's, therefore to graduate an inſtrument- 
according to both, obſerve this rule : 


From any given degree of Fahrenheit deduQt the 
freezing point 32%. then divide the remainder by nine, 
and afterwards multiply this ninth part or quotient by 
four and the anſwer will be degrees according to Reau- 


mer. 
To 


96 NOTES: 


To reverſe this operation. Divide any given degree of 
Reaumer by four, and multiply the quotient or fourth 
part by nine, to the product add 32 . the freezing point 
and the anſwer will be degrees according to Fahrenheit: 


© EXAMPLE, 
Take Fahrenheit's degree A 
Deduct the freezing point 32 
Divide this by nine, oe .co © a >, - — 90 
Quotient, 232322333310 
Multiply this zth part by «= = = - 4 
An equivalent _ of heat by Reaumer, 40 
REVERSE. 
Take Reaumer's degree of <= < « « < < 4⁰⁰ 
Divide this by 4, 5 * 
Quotient, - - - = - - = e 36 
Multiply this th part by - - - - - - - 9 
Product, „F op > @ @©® © - > 45 — — 90 
Add the freezing point 32 
An equivalent degree of heat by Fahrenheit, 1220 
| . 
8 
E RR ATA. 


Iatroduciion, page 10, line 2d, for © at 320. and muſt not 
that be ice? read below 329. and may not that be ice? 

Page 48, line 18, for © perpendicularly” read wertical. 

Page 53, line 6, for « rey, read unoßſcured. 


POSTSCRIPT. 


The foregoing part of this work was printed beforg 
any communication could be made to Capt. Truxton 
on the ſubject; and the whole was ſent to preſs 
before che letter, of which the following is an extract, 


came to hand. 


As experiment is the only proper teſt of uſefulneſs, and 
as the opinion of a well known nautical character 
is more likely to inſpire confidence among naviga- 
tors than any thing the writer himſelf could ſay; the 
motive for adding this poſtſcript becomes too ſtrong 
to be reſiſted. | 


Extract of a Letter from Twomas TrxuxTon, Eſq. 
to JonaTHan WiLL1Aans. 


« Perth Amboy, 12th Aug. 1799. 


% YOUR publication will be of uſe to navigation, by 
rendering fea voyages ſecure, far beyond what even you your- 
felf will immediately calculate, for I have proved the utility 
of the thermometer very often ſince aue ſailed together, not 
only in croſſing and re-creſſing the Gulph ſiream that runs 
along our coaſts, but in the Ethiopean, Indian, Arabian and 
Chineſe ſeas, gulph of Bengal, gulph of Siam, the various 
Proits in the eaſtern werld, and in many other parts of the 
ghote. 


« [s 


& It vill be found a maſt valuable inſtrument in the 
hands of mariners, and particularly fo to thoſe who are un- 
acquainted with aſtronomical obſervations, and calculations 
for determining the longitude at ſea ; theſe particularly and 
in need of a ſimple method of aſcertaining their approach to, 
or diſtance from the coaſt, eſpecially in the winter ſeaſon ; 
for it is then that paſſages are often prolonged, and ſhips | 
blown off the coaſt, by hard weſterly winds, and veſſels 
being in the Gulph flream, withoeut its being known 1 on 
which account they are often have too, by the Captain's ſup- 
poſing themſelves near to the coaſt, when they are very far 
off, and by this means favorable ſpirts of wind are It : 
On the other hand ſhips are often caſt gn the coaſt by ſailing 
in the eddy of the flream, which cauſes them to outrun their 
common reckoning : Every year produces new progs of theſe 
fats, and of the calamities incident thereto.” 


— — 


(& Should a ſecond edition appear proper, it is 
hoped that the writer will have it in his power to add 
not only theſe communications, but the experiments of 
many other Navigators. With this view, and in the 
mean time to prevent erroneous editions, the copy- 
right to this work is ſecured according to law. 


J. w. 


DISTRICT OF PENN STLVANIA— wit: 


BE it remembered, THAT on the ninth day 

of Auguſt, in the twenty-fourth year of the Indepen- 
dence of the United States of America, JONATHAN 
WILLIAMS, of the ſaid diſtrict hath depoſited in this 
office the title of a book, the right whereof he claims 
as AUTHOR, in the words following, t wit. 


«* THERMOMETRICAL NAVIGATION: 
« Being a ſeries of experiments and obſervations, tending 
to prove, that by aſcertaining the relative heat of the ſea 
* water from time to time, the paſſage of a ſhip through 
« the Gulph fiream, and from deep water into ſoundings, 
© may be diſcovered in time to avoid danger, although 
& (owing to tempeſlurus weather it may be impoſſible to 
* heave the lead or obſerve the heavenly bodies. Extrafted 
ce from the American Philoſophical Tranſafions, vol. 2 


« 3. With additions and improvements.— 


„ God helps them that help themſelves.” 
| % Poor Richard.” - 


In conformity to the act of the congreſs of the 
United States, intituled © An Act for the encourage- 
ment of learning by ſecuring the copies of maps, charts 
and books to the authors and proprietors of ſuch copies 


during the times therein mentioned ” 


D. CALDWELL, 
Clerk of the diſtrict of Penn/ylvanias 
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